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ABSTRACT 

These individualized learning modules on basic 
trcubleshooting skills are one unit in a series of modules for a 
cotirse in basic electricity and electronics. The course is one of a 
number of military^developed curriculum packages selected for 
adaptation to vocational instructional and curriculum development in 
a civilian setting. Five modules are included in the set: 
Introduction to Electronic Maintenance: (2) Assembly and Repair 
Techniques: (3) Introduction to the 6B25 Badio Receiver: Basic 
Troubleshooting: Radio Frequency and intermediate Frequency 
Aasplifier: and (S) Basic Troubleshooting : Systems Concept and Navy 
Documentation. Each mod»ule is comprist^d of individualized lessons. 
Each lesson follows a typical format including a lesson overview, a , 
list of study resources, the lesson content, a programmed instruction 
secticn, and a lesson summary, (Progress checks are provided for each 
lessen.) (IRJ!) 
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MILITARY CURKECUUM MATEFIAIS 



The military-developed curriculum materials in this opurse 
padcage v?ere selected by the National center for Research in 
Vocational Education Military Curriculum Project for disseitb- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies* The purpose of 
disseminating tiiese ocairses was to make curriculum materiaj.s 
develc^jed by the military more accessible to vocational 
educators in the civilian sett ng* 

The course materials were acquired, evaluated by project 
staff and practitioners in th^ field, and prepared for 
dissemination* Materials which were specific to the illitary 
were deleted, oopyri^ted materials were either onitted or appro- 
val for their use was obtained* These course packages contain 
curriculum resource materials i/^dch can be adapted to support 
vocational instruction and curriculum develofptnent* 




iMilitary 

Curriculum Materials 
Dissemination Is . . , 



What Materials 
Are Available? 
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How Can These 
Materials Be Obtained? 



an activity to increase the accessibility of 
military-developed curricLlum materials to 
vocational arxJ technical educators. 

This project, funded by the U.S- Office of 
Educ)^ion, includes the identification and 
acqui:>itidn of curriculum materials in print 
form from the Coast Guard/ Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
pVovided through a, "Joint Memorandum of 
Understanding" between the U.S- Office of 
Education and the Department of Oefense. 

fhe acquired materials are reviewed by staff 
£«nd subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination, 

Vhe National Center for Research in 
Vocational Education is^the U.S- Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff: 

Wesley E- Budke, Ph.O., Director 
Nationaf Center Clearinghouse 

Shirley A- Chase, Ph,0. 
Project Oirector 



One hundred twenty courses on microfiche 
(thirteen in paper form) ^nd descriptions of 
each have bee^i provided to the vocational 
Curriculum Coordination Centers and other 
Tnstructional materials agenuiesf for dissemi- 
nation. 

Course materials includp programmed 
instruction, curriculum outlines, instructor 
guides, student woricbooks and technical 
' manuals, ^^ 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented vvlll expand as additional mate- 
rials with application to vocational and 
technical education ore identified and selected 
for dissemination. 



Contact the Ccrrlcutum Coordination Center 
in your region for information on obtaining 
materials (e,g,, availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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The National Center 
Mission Statement 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and Organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by; 

# 

• Generating knowledge through research 

• Developing educational programs and 
products 

« Evaluating individual program needs 
and outcomes 

installing educational programs and 
produce? 

• Operating information systems and 
sen/ices 
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• • Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

MilitarV Curriculum Materials 
WRITE OR CALL 

Program Information Offic? 

The NationarCentcr for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Raad. Columbus, Ohio 43210 ' 
Telephone: '614/486-3655 or Toll Free 800/ 
848-4815wlthin the continental U.S. 
(except Ohf^l^ 0 



Military Curriculum 
Materials for 
Vocational and 
Technical Education 
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THIS IS A COMBINED STUDY AND PROGRESS CHECK BOOKLET. IT IS YOURS TO 
KEEP FOR LATER REFERENCE. RECORD YOUR ANSWERS IN THIS BOOKLET ANO IF 
YOU OESIRE, WRITt IN ANY NOTES THAT MAY HELP YQU UNDERSTAND THE MATER- 
IAL. 
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INTRO DUCTIQN 



Having successfully compteted modules one through fourteen, you 
are now ready to concentrate-on the kind of electrical/electronic 
machinery and circuits you will be working on in the Fleet. AlTof 
the electrical/electronics ratings have a need to know something about 
electronic circuits; some need a great deal, and some need very little. 
Some of the nost common electronic circuits are power supplies and 
ampi if iets, so they will be.am<ing the first that you will study, 
* - ' * 

V/hen you complete your shore-lS^sed training, you should be able to 
troub'ieshoot and maintain the "simple" circuits and have the iJcTsi^ skills 
and knowledge that will help you to quickly learn how to handle '^complex" 
CI rcu I ts < 



Troubleshooting techniques are simply a matter of using a good, 
logical approach to problem solving- (Sometimes, even recognizing that 
there is a problem is a difficult step<) Howeifer, logic can only do 
part of the job. You must gather evidence -to make the logic use fuK In 
general, there are two sjtages; ' (|) diagnosis anri 12) remedy, T\ie 
first requires knowledge (information) and the second required skills 
(use of tools and equipment). This stage of your training is^designed 
to provide large amount of both. 

It will be necessary for yoir to learn how to use some very sophi^ti^ 
cated test equipments and to interpret the information they provide. It 
will also be necessary that yoa learn some elegant repair techniques so 
that you wilt be able to fix not damage equi pment . There will be a good 
deal of ''hands on^^ learning experience followed by sufficient practice 
so that you wi 1 1 be able to perform well in the fleet. 

You may find tube, solid state, or both types of electronic 
equipment in the fleet. Since we are movi.ig rapidly toward solid state 
systems, we will concentrate our efforts in that di rect ion , but the older 
types of ships and equipment still utilize tube type circuits, so you will 
probably have to know something about both types. 

Probably the most useful source of maintenance information is the 
technical manual for the equipment, so we will provide for training and 
practicfj in the use of this resource to help you make maximum use- of it. 
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Thc! Basic Electronics School was designed to provide training 
needed by aM , or nearly all, of the ratings responsible for elsctrical 
and electronic equipment maintenance. You will now be routed through 
the modules of basic training needed by your particular rating. 

The goal of shore-based training is to produce a technician who can 
^'do a job" the day he reports on board his permanent duty station. When 
you get there, your most Important job will be tc "keep the gear up"'"the 
Navy way of saying that the equipments you are responsible for are ready to 
go when needed. You will have to know (a) when your gear is not working, 
(b) how to find out what's wrong with it, and (c) how to fix it. Your next 
phase of training will focuse on troubleshooting and repair techniques. 
Experience and practice in the use of tools and test equipment will be 
provided at every opportunity and there will be rnany performance tests, 

Don^* t be surprised if you finish a lesson or module without understand- 
ing everything there is to know about the sjubject, A journeyman technician 



has spent years 
thing about ' t. 



in learning about his rating and still doesn't know every- 
You are looking for BASIC understanding. 
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WDUIE FIFTEEN 
I NTROOUCTION TO ELECTRONICS MAINTENANCE 



STUDY AMD PROGRESS CHECK BO?JKCfeT 



Ov«rv I ew F t f teen 

0 V E R V I ^^W 
MODULE FIFTEEN 

Solid State Power Supp ly Construction and Testing 



All electrical or mechanical devices depend on a supply of power (or energy) 
In some fonn, and diferent devices need different amounts of power in 
different forms* A power supply of some sort is used to provide the right 
amount In the right form for every unit* 

x>du1e Is designed to provl<ie: 

* The application of some concepts learned in the first fourteen 
modu 1 es * 

2* Practice in the use of a multimeter* 

3* Practice in theuse of an equipment technical manual* 

4* Breadboarding and testing a circuit, 

5* An introduction to the Input-conversion-output (iCO) concept* 
6* Practice In performing preventive mainenance steps* 
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MODULE FIFTEEN 
LESSOU I 

USING THE $IHP$0W-260 AND AN/PSH-^ HULTIHETERS TO MEASURE 
VOLTAGE. CURRENT, AND RESISTANCE 



Overview 
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OVERVIEW 
LESSON I 

U sing the S!mpsQn-260 and AH/PSH-^ Multimeters to Measure 
Voltage, Current, and Resistance 

You hove learned to use a Simpson-260 Multimeter to measure E, I, and R in 
simple circuits, Simpsons are commonly used meters, and your next duty 
station may be equipped with them. Another multimeter that you should be 
able to use is the AN/PSM^^, It is very similar to a Simpson^ and has 
only minor differences in scales and controls. 

To help you transfer your Simpson training, you will (I) review the Simpson, 
(2) preview the AN/PSM-^*, and (3) operate the AN/PSM-^*, The job sheets 
look like tests but they will not be graded. They are designed to be 
review and learning sequences, and will be used as such.. 

In this Lesson, you will 

- review the Simpson-260 MuUimeter 

- preview the AN/PSM-^ Multimeter 

- make voltage, current, and resistance measurements with the 
AN/PSM-A Multimeter 
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BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUOY RESOURCES ON 
THE NEXT PAGE. 



' Study Resources Fifteen^! 

LIST OF STUDY RESOURCES 
LESSON I 

Using the Simpson-260 and AN/PSH-^ Multimeters to Measure 
Voltage^ Current^ and Resistance 

To learn the material in this lesson, you will use 

STUDY AND PROGRESS CMCCK BOOKLET: 

Experiment^ EXP* Fifteen-l-i, "Simpson-260 Multimeter Review: 

Measuring E» I » and R** 
Operating Instruction^ 0.1. Fifteen-I, "Operation of the AN/PSM^^ 

Mul timet'-r" 

Experiment^ CXP* Fifteen-l-2, "Using the AN/PSM-^ Multimeter to 
Measure E» I , and R" 

A copy df the AN/PSM-^ Technical Manual is available as an additional 
resource ' 
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YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. 

7, 
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EXPERIMENT 
LESSON ) 
PART I 

Simpson*260 Multimeter Review 



Not all of the Navy's multimeters are Simpson 260's, but if you know 
the function of each control and how to read the scales you will be 
able to transfer this knowledge to other imjl timeters * in Part 1 of 
this lesson you will be provided a review to refresh your memory of 
the Simpson 260. 

PROCEDURE! 

ANSWER THE FOLLOWING (QUESTIONS. 

WRITE YOUR ANSWERS ON THE EXPERIM-^NT. ANSWERS TO THIS EXPERIMENT 
ARE PROVIDED ON ANSWER SHEET. A. S. ;ilTEEN-l-1, IN THE BACK OF 
THIS BOOK. 

ReiAember that a multimeter should be connected in series with the cir** 
cuit or component you are checking v^en measuring current and i. paral- 
lel v^en measuring voltage and resistance. 

1* Wiich of the following illustrations shows an ohrmneter correctly con- 



...nected to measure resistance? 




a. CE rcui t A 

b. Circuit B 



2. For the most accur<ite reading of a resistance of 1,000 0 place the 
range switch on the scale. 



a. R X 1 

b* R X too 

c. DC 

d. R X 10,000 
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Tc properly use the ohmmeter as an effective aid in troubleshooting 
equipment: 

a. use the mete^ only in an upright position. ^ 

b. secure the power to avoid damage to the meter. 

c. make sure the function switch is set to the AC position. 

d. make sure the range switch is on the highest range* 

With the range selector switch set on the R x 100 position, what 
ohmJc value is indicated in this illustration? 




a. 150 £3 

b. 80 P 

c. 800 Q 

d. 15000 fi 

When changing from one resistance range to another, always: 

a. observe correct polarity. 

b. secure power f^om equipment. 

c. re-zero the meter. 
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6. Which of the following M lustrat^^ons depict an armneter cor* 
rectly connected to measure curre-nt? 




a. Cr rcui t A 

b. Circuit 8 



7. To properly^ measure current, the anmeter imjst become: 

a. a parallel branch of the circuit. 

b. a secondary source to the circuit. 

c. an actual part of the series circuit. 

d. an additional load to the parallel ctrcuU. 



8. Whlch^ lllustration^shows the correjct nieter connections ^or measuring 
DC current? . . ^ — - ^ 




1 



mc 




EXP, 
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3. To be useful » a meter must be able to nfteasure different values of current 
Which number indicates the control used for this purpose? 



a, 
c. 



I 

2 
3 




10. The range selector switch Is set on the 10 MA scale. Which meter 
scale would be used to read current? 



a. A 

h. B 

c. C 

d« D 




IK The range selector switch Is set to the tO MA scale* In the Illustra- 
tion for question 0)0^ wrtat is the Indicated current value? 

a* 2 ma* 

b* 8 ma* 

c* ^ ma* 

d. 3 fna* 
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12. With the meter set up as i Hustrated. what is the Indicated value 
of current? 




1 



a. 52 ma. 

b . 1 1 0 ma . 

c . .21 ma . 

d. 2.2 ma. 



^0 



)2 
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1^4 Which illustratton indicates a current value of 10 pa when using tfie 
50 \iamp range? 






a« ^3 ma 

b* ^30 ma 

c* 215 

d* 86 ma 



SOOOv 



«x«tOO0 
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16, At what polnt(s) in the circuit below will a zero voltage drop be 
measured? 





15 23 
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18. Which illustration indicates a voltage value of 460 volts on the 
Sinipson-260 when using the 1 ,000V Scale? 




19. Which illustration indicates a resistance reading or lO Ktl on the 
sr(iipson-26o when using the R x 10,0007 



A 



B 
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20. The range selector switch is set on the R x 100 scale. Which 
meter scale should you use?' 



a. A 

b. B 

c. C 

d. D 




21. Which of the following illustrations depicts a voltmeter correctly 
connected? 



B 




a. Circuit A 

b. Circul*- Ct 
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22. Which drawing shows the multimeter correctly connected for measuring 
OC voltage? 




EXP. j - ' ^ Fifteen-I-1 

23. Circle the letters indicating parts and scales of the multimeter that 
are used- for measuring DC voltage. 




Fifteen-I-V 

The ittustration below shows the components and controls associated with 
the voltmeter function of the Simpson 260-5P Multimeter. Study the IMus 
tration and the meter provided, then match the letters to the names of 
the parts of the multimeter. 




1 , function switch 

2- (+) test jack 

3» range switch 
common (-) jack 

5. DC vol tage scale 

6. AC vol tage scale 
7- 2,5V AC scale 
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25. Interpret the meter' reading and record the indicated AC voltage for 
each range switch position. Be as accurate as you cant 




I. 
2. 
3. 



50 V 



Range 
Range 



2.5 V Range 



volts AC 
volts AC 
volts AC 



k. 250 V Range 
5. 1000 V Range 



volts AC 
volts AC 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PKOCEED TO 
OPERATING INSTRUCTIONS, FIFTEEN-I, IN THIS BOOKLET. 



IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR PROCEDURES, 
IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR. 
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OPERATING INSTRUCTIONS 
LESSON I 

Operation of the AN/PSH-^ Multimeter 

The AN/PSM-^ Multimeter is a completely portable vol t-ohm-mi 1 1 i ammeter , 
It can be used to measure DC current, DC resistances and DC and AC voltages* 
A high voltage probe (Included) makes it possible to measure voltages up 
to 5,000 VOC. This probe contains a warning light to indicate the presence 
of high voltages, 

NOW OBTAIN AN AN/PSM-^* MULTIMETER. 

There are three controls on the face of the meter. There is a ten- 
position rotary switch in the lower l ef t hand corner which is used as a 
function switch. Five of these positions set up ohmmeter connections within 
the meter. For these resistance positions the function switch also acts 
as a range selector. The eight-position switch in the lower right hand 
corner selects ranges of current and voltage. On this swi tch the voltage 
values are written on top and the current values are on the bottom. 

To JTteasure DC voltage, the function switch, is set to either DIRECT or 
REVERSE DCV,' and the range switch set to the applicable range, REMEMBER^ 
WHEN MEASURING UNKNOWN VALUES OF VOLTAGE AND CURRENT, ALWAYS START AT THE 
HJGHEST POSITION ON THE RANGE SWITCH, 

To measure AC volts the function switch mil be sit to the ACV position 
and the range switch to the applicable range. The meter is calibrated to 
indlcal;e the RMS value of AC voltage. 

lo measure DC current, \be function switch is set to the DC mA/MA/AMPS 
position and the range switchSset to the applicable position. 

To measure DC resistance the function switch is set to any of the^ 
applicable resistance ranges, Vffien measuring resistance, the range switch 
has no effect on the measurement and may be placed in any position. NOTE ; 
WHEN MEASURING RESISTANCE, MAKE SURE THE POWER TO THE CIRCUIT IS SECURED, 

NOTES; 

(1) Insure that' the function switch is not set to a resistance 
position when seciirimg a multimeter. 

(2) All rneasurements should be taken keeping the AN/PSM-4 in a 
horizontal position, 

EXPERIMENT, EXP, FIFTEEN-l-2 IN THIS BOOKLET COVERS THE PERFORMANCE OBJEC- 
TIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THIS LESSON PROGRESS 
CHECKS WHICH YOU MAY TAKE AT THIS TIH!;. 
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EXPERIMENT ' 
LESSON I 
PART 2 

Using 'the AN/PSH*^ Multimeter to Measure E, 1 , and R 
Materials : 

1. AN/PSM*^* Multimeter 

2. AN/PSHt^* Multimeter operating Instructions 
3/ NEAT board #1 

^. NEAT board #8 

5. Exact Model 12^* Mul tlgenerator 

Procedure: 

In this part of the experiment you wMl be required to answer 
questions concerning the AN/PSM*^ Multimeter. Note the positions 
of the range switch^ function switch^ and the pointer on each 
illustration to determine the Indicated -voltage^ current^ or resistancei 
You will then use the NEAT board ff) to make In-^clrcuit DC measure* 
ments with the AN/PSM*^. Upon completion of this exercise you will 
use NEAT board 0S and make In-^clrcuit AC measurements with the AN/PSM-4 
Multimeter. 



Using the following Illustrations determine the value of the voltage^ 
current or resistance as Indicated by the position of the range switch^ 
function switch^ and pointer. The correct answer will be at the top of 
the fol lowing page. 



23 



31 



Fifteen-r-2 




EXP. 



ANS. TO #1; 260 VOLTS A.C. 
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2 

r ^ 




V ^ J 
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AHS. TO jjf2: 2.5 HA 
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AKS. TO ,^3: 90Kfl 
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ANS. TO M.; 42.9 MA 



r 




•fV MA 
OHMS 

•f 10 AMPS 



1000 VOC 



DC MA 

AMPS RXI 

OUTPUTS^ \ / ^RXtO 



2ER0^--^0HMS 

O 



•f 5000 VDC 
MULTIPLIER 



© 




RXIOO 



25V 50V 

10 MA SOMA 

lOV. \ / /lOOV 

5MA\ J / / 100 MA 

5V_ -•250 V 

I MA 



RXtOOO 2,5V 
IOOmA 

RX 10000 




500 MA 



10 AMPS 



3e 



ic 
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ANS. TO #5: I.80 VAC 




COMMON 



4V MA 
OHMS 



# 4 to AMPS 




1000 VAC 



1000 VDC 



OC MA 

AMPS RX) 

OUTPUTv^ \ / ^RXIO 



Z£RO^.»-^OHMS 



+ 5000 VDC 
MULTIPLIER 



© 




25V 50V 

10 MA SOMA 

'OV V \ / ✓loov 

9 MA \ *- ' y/^ 100 MA 

RXlOO 5^-^/^^^ --^i^^Z 



REVERSE 



IOOpA 
RX 10000 




-500 y 

1000 MA 
10 AMPS 
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AHS. TO US: SSO ohms 
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ANS. TO 3.0 VOC 



Fifteen-i-2 




V ., : -J 



3. 3'j 
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ANS. TO #8: 38 VOC 




• COMMON 



+V MA 
OHMS 



• -t* 10 AMPS 




1000 VAC • 



looavoc • 



DC MA 

AMPS RXI 

OOTPUT.^ \ / ^ftXIO 



ZERO ^^-^ OHMS 

O 



+ 9000 VOC, 
MULTIPLIER 



© 




25V 50V 

10 MA SOMA 

lOV^ \ / ytOOV 
5 MA\ xlC^ / ^ 

RX100 5jA^ MV\ \ wWa 



XIOOO ^5V^ 

lOOiiA 




rO AMPS 



REVERSE 



RX 10000 
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AHS. TO ,^3: 17.45 VDC 




r 
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COMMON 



•^V MA 
OHMS 



• K) AMPS 

DC MA 

AMPS RXi 

OUTPUT^ \ / ^RXIO 




iOOO VAC 



1000 VDC # 



© 



ACV 



DIRECT 

ocv / 
REveRse 




RXlOO 



•I- 9000 VDC 
MULTIPUIER 



25V 90V 

10 MA 90MA 

lOV . \ / >IOOV 

5Ma\ i /IOOMA 

RV \^290V 



RXIOOO ^5V. 

lOOfA 

RXIOOOO 




10 AMPS 
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ANS. TO #11 : 3K « 



GO GET NEAT BOARD #1 AND TAKE IT TO A LABORATORY CARREL TO COMPLETE 
THIS SECTION OF THE EXPERIMENT. 

This part of the experiment will be used to judge ycHJr proficiency 
in using the AN/PSM-^ Multimeter. You will msasure voltage, current, 
and resistance in a $er ies*paral lei DC circuit and a series-parallel 
RLC AC circuit. A tolerance of +5% accuracy will be expected. 

On NEAT Board 0] set up a series*paral lei circuit ty setting the 
switches as follows: t 

' S 101 to B 102 

S 102 to ON 

S ]0k to ON 

S 105 to A 

S 103 to ON 

Write the results of c^ch measurement in the blanks provided. 
12. Measure the voltage drop across each load resistor. _ 



13» Measure the battery voltage. 



14. Measure the resistance of network RI03 and RI02. 



15* Measure the total circuit resistance of the ser ies*pDral lei 
circuit. 

16* Measure the load current of RIOI. 



17* Measure the total circuit current. 

/ 

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, COMPLETE THE LAST PART OF THIS 
EXPERIMENT. 

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, AECHECK YOUR SETTINGS MiO PRO- 
CEDURES- IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR. 
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On N.E.A.T, Board if8, set up a parallel RLC circuit consisting of 
C802, L801, R8O5. Place S-803 In position A. 

Using a double BNC connector inject an AC voltage from test output 
#1 of the junction box into the N.E.A.T. Board. Write the values you 
measure in the proper blanks. 

!8. Measure the input voltage with the AN/PSH-A* 



19. Remembering Kirchoff's ParaTlel Voltage Law, should the voltage 
across the capacitor be the same as voltage in? 

20. Measure the voltage drop across the capacitor (C802). Connect AN/PSH-A 
between TP-8OA and TP-805. Note S 802 must be in position H 803. 



2)* lieas'jre the following currents* Connect AN/PSM-i^ between TP-8O6 and 
TP-807. 

Sine 



I - 

c 



22^ What would happen to 'f R803 were placed In the circuit? 

23. Set S 803 to position D and measure 'Line* right? _ 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
UHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO MODULE FIFTEEN 
LESSON I I. 

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS AND 
PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR. 
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LESSON II 



IHTRODUCTtON TO A NAVY TECHNICAL MANUAL 
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OVERVIEW 
LESSON M 



Introduction To A Navy Technical Manual 



In this lesson you wtU learn about one of the Fitost valuable 
books aboard ship. Without a good working knowledge of hcw» when» 
and why to use this book» you wIM probably waste many hours 
that could be spent^ for Instance^ on LIBERTY. This lesson 
describes the sections of a technical manual and their function 
In detat t , 



BEFORE YOU START .THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 



> 




Stiidy Resources 
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LIST OF STUDY RESOURCES 
LESSON M 

Introduction to a Navj^ Technical Manual » 

To learn the material in thTs lesson, you have the option of 
choosing, according^ to your experience and your preferences, any 
or all of the following: 

STUDY AND PROGRESS CHECK BOOKLET: 

Lesson Narrative 
Lesson Summary 

Experiment, Exp. Fifteen-U "Introduction to a Navy Technical 
Manual." 

ENRICHMENT MATERIAL: 

EIMB 

Equipment Techn i cat Manuals 



you HAY NOW STUDY ANY OR ALL OF THE RESOU.iCES LISTED ABOVE 
MAY REVIEW PREVIOUS LESSONS IF YOU WESH. 



YOU 
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Harrattve ' Ff ftcen-l I 

NARRATIVE 
USSOK tl , 

Introduction to a Navy Technical Manual 

tn this Jesson you wiM )earrt the sections of a standard Navy 
technical manual and what InformatTorr Is contained fn eacb section. 
Although there are several types of technical itianuals available In 
the Fleet, we shall cover the seven**part technical manual here, for 
tt seems to be the Most popular* Tne seven parts are: 

Section I General Description 

Section H Installation , $ 

Section ■>! Operation 

Section tV Theory of Operation 

Section V Tl'oubleshoottng 

Section Vt Maintenance 

Section Vlt Parts List 

Section I - General Description ^ This section provides a non-technical 
description df the equipment. It Is ihtended for those who seek a general 
understanding of the equipment's capabilities, purpose, and intended use* 
Illustrations shcny the functional relationships and relative sizes of the 
basic units* ' A listings of alt e^ipments, accessories, and documents Is 
included* Dimensions, Weight, and volume are glven^ 

Section It - Installation . This section contains a description of every- - 
thtng necessary or useful for installing the equipments A list of t*ests 
and test 1)rocedures to insure that the equipment can meet operational 
requirements Is Included* 

r 

Section Itt - Operation . This section describes the procedures to be used 
by a person operating the equipment. The procedures Include both routine 
and eioergehcy operating Instructions and safety precautions* Steps to 
prepare the equipment and complete starting and stopping procedures are 
described In detail. Tables, charts, and illustrations are usually In* 
eluded as aids for easier understanding. 

Section IV - Theory of Operation . This section usually Includes a 
detailed analysis of electronic circuits. Slocfc diagrams are used to 
show functional relationships and signal flow paths. The functions of 
circuits and sub-clrcults are explained in detail. Component functions 
are explained in text, charts, tables^ and diagrams. Schematic diagrams 
stotartn^ signal flow and component values are included. 
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Section V * Troubleshootinp ^ This section is intended for the technician 
responsible for maintenance. It includes troubleshooting guides^ diagrams^ 
and procedures. Complete signal tracing Instructions are given. Test 
equipment and special servicing techniques are described. The maintenance 
schematic diagrams include all circuit elements and major and minor signal 
paths. Resistance and voltage charts are provided. 

Section VI * Maintenance . This section describes the preventative main* 
tenance and performance tests which are required on a scheduled basts. 
Periodic checks include safety^ inspection^ cleaning^ lubrication* and^ per* 
formance. 

Section VII - Parts List . The parts carried on board ship^ tender^ or 
ashore are itemized. Manufacturer's part numbers^ federal stocic numbers^ 
and descriptions of common items are g^iven. Exploded views of units are 
provided. * 

At) of the sections described can b^ of great value to y^u as a 
technician. Knowing what is cof^tained in which section of this seven 
part technical manual wiU he1p> you to use an eight part or a nine part 
technical rnanual . 

THIS COMPLETES THE NARRATIVE FOR LESSON M, MODULE FIFTEEN. EXPERtMEWT 
EXP. FIFTEEN II IN THIS BOOKLET COVERS THB PERFORMANCE OBJECTIVES FOR - 
THIS LfSSON. IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO THE 
JOB SHEET, THIS LESSON IS COVERED BY: 

* 
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Summary 

SUMMARY 
LESSON 11 

Introduction to a Navy: Technical Manual 

In this lesson^ you will be exposed to the seven part Navy 
technical manual. Although technical manuals may contain more or 
fewer sections^ the Seven part is the most common. 

The first section r General Description contains a functional 
description of the equ ipment. * It has Illustrations of the unit for 
physical Identification along with dimensions and weight. 

Section II ^ Installation tells you the correct' procedures for 
unpacking^ Instal tat ion» and inttial set-up to check the gear for 
proper ope nation. 

Section 111 * Operation provides a step"by-step procedure for the 
operator's efficient U5e of the equipment. In addition, safety pre- 
cautlons, operating limits, tables and charts for opeoiXon are 
included in this section. 

Section IV Theory of operation gives the reader Information 
on how the components and circuits f^unctlpn. It explains In detail 
the signal flow, voltage requirements, and Input-Conversion-Output 
concepts, of each unlc. 

Section V - Troubleshooting can be one of the most useful chapters 
if utilized property. It has troubleshooting guides and diagrams, 
meter readin9S^ resistance meac;urements , schematic diagram, wiring 
diagrams, and troubleshooting flow charts. 

Section VI - M aintenance contains tfte preventive maintenance 
procedures and perrormance te^t Instructions required or: a scheduled 
basts. These Instructions ^j) I help keep equipment failures to a 
minimum. If followf^d. 

Section VH • Pat ts List is just what the name implies - a liStl^tg 
of all the parts. It contains a component's description, part number, 
manufacturer, and stock number. 

All in all, these parts make up a valuable tooK One that, if 
utilized effectively, can fae as important to you as your multimeter 
and oscilloscope. 

THIS COMPLETES THE SUMMARY FOR LESSON II, MODULE FIFTEEN. EXPERIMENT 
EXP. FIFTEEN I! iN THIS BCr'<LET COVcRS THE PERFORf^ANCE OBJECTIVES FOR 
THIS LESSON. IF YOU FEEL TI^AT YOti MEED FURTHER :>VJDY BEFORE YOU 00 
THE EXPERIMENT, THIS LESSON IS ^VEflEO BY: 

NARRATIVE 
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EXP. Fifteen-M 

N'ERIHENT 
.ESSON I I . 

Introduction lo Sj Navy Techn i cal Manual 

This experiment wMI be used to measure your knowledge of the 
seven section Navy technical manua'l * You wMI be asked to^locate 
information in the 6B25 technicdJ manual* 

' y 

-(Write your answers in the spaces provided below-) ' , 

]\ In which section of the 6825 Technical Manual can the operatfng 
procedures be found? 



2* What is the figure number of the overall schematic of the 6B25? 



3. In which section can the audio output specification in watts be 
found? 



A. Record the manufacturer's part number for Q5- 



5^4 In which section can the number of the pin that connects the 
fuse to the power supply printed circuit board be found? 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET, 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS^ PROCEED TO LESSON FIFTEEN-IIK 
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LESSON III ' 

PART AND SYMBOL IDENTIFICATION USING THE TECHNICAL MANUAL 



OVervftw Fifteen-1 1 1 

OVERVIEW 
LESSON III 

Part and Symbol Identification Using the Technical Manual 

An equipment technical (nanual or manufacturer's instruction book 
ts usually the best (and sometimes the only) source of equipment 
Information for a technician* tn this lesson you will use Information 
from Sections VI and Vtl of the 6B25 Technical Manual- 

In this Lesson, you will: 

-locate and use schematics in the technical manual 
-It^cate and use pictorials In the technical rAanual 
-locate and use the part lists In the technical litanuat 
-learn new schematic symbols and correlate the symbols 
to physical components* 



BEFORE YOU START THIS LESSON, PRtVlEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON Ml 



Part and Sytubol Identification Usinfl the Technical Manual 

To learn the material tn this Lesson yoti wilt need the following 
tn your carreU 

STUDY AKD PROGRESS CHECK BOOKLET: 
Lesson **arrative 

Experiment, EXP* FIfter.n-Ill "Part and Symbol Identification Urging 

the Technical Hanual" 

TECHNICAL MANUAL: 

6B25 Radio itecelver 

N OTE : Your learning center is equipped with some supplementary reference 
material that you may find helpful. Three very useful references 
are: 

Electronics S Nucleonics Dictionary 

Electronics Installation and Maintenance Books (ElMBj 

Basic Electronics, NAVPERS 10087C, Vol I S 11 

The Electronics Olctlcnary is a convenient and accurate source of 
definitions* 

The EIMB H a source, in several volumes, of a wide range of Information and 
Navy policy regarding electronics* 

Basic Electronics Is a Navy Training Manual which provides a clear and 
easy means for understanding the basics of electronics circuits and 
components t 



YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. 
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Narrative Flfteen-ld 

NARRATIVE 
LESSON IM 

Part and SyirtboT Mentif ication Using the Techntcal Manual 

In this module, you will assemble and test a power supply on a ^'breadboard/' 
In order to do this accurately and with understanding, you must first 
be able to identify schematic symbols and then correlate these symbols 
to the actual physical components. The primary aid in accomplishing 
this task is the Technical Manual. 

The Technical Manual is coniposed of several sections. The major 
titles of each section can be found in the Table of Contents located 
in front of your technical manual. A list of figures and tables can 
also be found in the Table of Contents. 

At this point it is suggested that you leaf through your technical 
manual noting the major headings^ figures^ and^ t^bles of each section 
as listed in the Table of Contents. Thuiid> through the manual to get 
a feel of how it is generally laid out. Not a'l Nav> technical 
manuals are arranged exactly the same way. There may be more or fewer 
sections and the titles may differ somewhat^ 'jut the 6825 Technical 
Manual is very similar to what you w;ll sec ^n the Fleet. The section 
on '^General Maintenance" in the EJ.M.B, contains the recommended 
format for standard Navy technical manuals. 

Now that you are familar with the general organization of the 
technical manual it is time to put the technical manual to use* Turn 
to Section VI > figure 6*7> In your technical manual. This figure 
is the overal] schematic diagram of the 6825 Radio Receiver. This 
schematic ties all of the components (resistors^ capacitors^ diodes^ 
etc) into stages^ such as the push-pull amplifier stage or detector 
stage. The schematic then ties the stages into sections^ such as the 
FtF Amplifier/Converter section; and finally ties these sections 
together into the 6b25 Receiver System* A system schematic is 
organized so that signal flow is easy to follow^ so the schematic will 
not necessarily be Identical to the actual physical layout. The 
schematic does not indicate on which printed circuit card ^he component 
is located or even its physical location with respect to the other 
componen ts . 

Now locate the power supply section on the schematic. The numbers 
tf\ parentheses [(l) » (2) » and (3)] indicate that they are tied directly 
to other points on the schematic with the same number in parentheses. 
The numbers within a circle indicate testpoints. Loolc at the input 
of the power supply section. The input is at the lower left hand corner 
of the schematic. Note that SI ( a switch), FJ (a fuse) , and DSl (an 
indicator light} malce up part of the input circuitry. 

Now turn to figure 6-2 of the technical manual. This figure has 
two parts; u schematic diagram of the parts actually on the power 
supply printed circuit card; and a pictorial of the components as they 
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are physicatly mounted on the card. Note that SL, FI., and DSI do not 
appear in either part of this f igure^^^ Thi s i s because ^these three 
components are physically located on tKfe chassis. Also note that 
there are no particular similarities between a component's position 
In the schematic diagram and that component's physical position on the 
printed circuit card shown In the pictorial. 

It Is now time to correlate a schematic symbol to the physical 
component. For example, look at component C23> The circuit designator 
"C* Indicates that It Is a capacitor. Kind C23 on your schematic 
diagram. Notice that capacitors are indicated on the schematic by 
the symbol ^^ + . Also notice that tlie symbol contains a small plus 
sign. This sign Indicates the positive side of an electrolytic capacitor. 
You should also notice that the value of the capacitor Is written besldp 
the symbol Indicating that It has a value of 100 )xf (one hundred 
microfarads). Now find C23 on the pictorial. From the pictorial you 
should gain some idea as to the physical size, shape^^ and location of 
the component. For information on additional electronic symbols see 
Appendix VII of Basir Electronics, (See List of Study Resources), 

More detailed Information about the component can be found In Section 
VII, Table 7-1, the Part Listing, Here its nomenclature, function, 
circuit designation, value, and part number can generally be found. 
Any component or test point can be found In the above described manner, 
A further aid to component location may be found In Section VI, figure 
6-6^ Chassis Wiring Diagram, This diagram shows the Interconnecting 
wiring between each printed circuit c^rd. It also shows connections 
to components mounted on the chassis. 

THIS COMPLETES THE NARRATIVE FOR LESSON III, MODULE FIFTEEN, EXPERIMENT 
EXP, FIFTEEN 111 IN THIS BOOKLET COVcRS THE PERFORMANCE OBJECTIVES FOR 
THIS LESSON, EXPERIMENTS ARE A PART OF THE LESSON PROGRESS CHECKS WHICH 
YOU MAY TAKE AT ANY TIME, 
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EXPERIMENT 
LESSON Hi 

Part and Symbol Identification Using the Technical Mamial 



This experiment Will be used to measure your ability to correlate 
component parts to schematic symbols. You are expected to complete 
this assignment with 100% accuracy. 

For this exercise you will need: 

1. 6B25 Technical Manual 

2. Power Supply Breadboard Kit 

3. Module FIfteen-in Narrative 

See your learning supervisor for any listed Item that you do not 
a1 ready have. 

INSTRUCTIONS: 

1. Count the number of components In your breadboard kit. There 
should be a total of fifteen components including the one 
already mounted on the breadboard. , 

2. Eoch of your breadboard component mounting blocks Is labeled with 
a number from I through /. For Instance* the block with the 

100 (1 resistor Is number 6. 

3. Look at the schematic^ Fig. 6-2« In the 6B25 Technical Manual 
and compare it with figure below. 

Now find the 100 fl resistor on the schematic then write Its 
block number (6) In the proper space below. 

5* Continue this process until you have filled all of the spaces 
with the proper number, NOTE: The transformer is number I. 
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CHECK YOUR RESPONSES WITH THE ANSWERS PROVIOEO IN THE BACK OF THIS 
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEEO TO 
HOOULE FIFTEEN, LESSON IV. IF YOUR RESPONSES OIFFER FROM THOSE 
GIVEN, RECHECK YOUR SETTINGS ANO PROCEOURES. IF Y-OU STILL HAVE A 
PROBLEM, SEE YOUR LEARNING SUPERVISOR. 
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OVERVIEW 
LESSON tV 

Sreadboarding and Testing a Solid State Power Supply 

In this Lesson you will: 

*use a technical manual 

-make resistance and voltage measurements 

-construct a circuit from a schematic and/or pictorial 

-learn some new terms 

-identify electronic components 



BEFORE YOU STAffT THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THt NEXT PWSE, 



Study Resources ^ Fifteen-lV 

LIST OF STUDY RESOURCES 
LESSON IV 

Breadboardlng and Testing a Solid State Power Supply 

To help you learn the material in this Lesson, the followind resources 
are aval lable: 

STUDY AND PROGRESS CHECK BOOKLET 
Lesson Narrative 

Experiment EXP* Fifteen'lV, "Breadboard! ng and Testing a Solid 

State Power Supply" 

AUDIO. VISUAL: 

Static/Hot ion - "Constructing a Bridge Rectifier Power Supply" 

EQUIPMENT 

'Power Supply Components Kit 
Multimeter 

TECHNICAL MANUAL 

6B25 Technical Manual 



IT IS HIGHLY 

RECOMMENDED THAT THE STATIC/MOTION PROGRAM 
BE VIEWED IN ORDER TO COMPLETE THIS LESSON. 



YOU MAY NOW STUDY ANY OR ALL OF THt* RESOURCES LISTEO ABOVE. 
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Time waits for no man. . . 

ACCIDENTS 

WAIT 

FOR 

EVERYONE 



COMPLACENCY KILLS! 
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NARRATIVE 
LESSON IV 

Breadboa rd ! ng and Testing a Solid State Power Supp)y 

Host electronic equipment requires a source of DC, Large^ permanently 
installed^ or semi-portable equipments most often convert AC to OC^ 
while smal I f portable equipments frequently use a DC supply from a 
battery pack. Some equipments have provisions for choosing either aji^ 
AC or a DC source, 

A power supply Is often used to convert (rectify) AC to usable DC- 
Some power supplies are very simple^ have a few components^ and pro- 
vide only one or two DC output voltages while other's are very complex 
and produce a number of different outputs^ each of which may be care- 
fully regulated to v^ry narrow tolerance limits. 

When electronic circuits are assembled for a temporary purpose^ ^^broad'- 
board** circuits are usually usedt The components are not **hard wired** 
or soldered, but are simply supported on a base and wired with temporary 
connections (usually called **pat:h cords**)- This makes It easy to modify 
the circuits and to ''eclaim the components for re-use^ 

What does **sol id state'* mean? There ar'^ two general types of electronic 
devices: solid state and tube .(vacuum or gaseous) « A solid state device 
Is a device other than a conductor that uses magnetic^ electric, and 
other properties of sol i d mater ia Is as opposed to vacuum or gaseous 
devices. Transistors^ crystal diodes^ and integrated circuit chips 
are examples of solid state devices. For more details^ see Markvs' 
Electronics and Nucleonics Dictionary , 

You should now gather the following in your carrel: 

K Experiment (EXP, Fi f teen- I M ) **Breadboa rd i ng and Testing a 
Solid State Power Supply,** 

2, Power Supply Components Kit 

3» 6B25 Radio Receiver Technical Hanual 

A, Hu^ t imeter 

You should now view the slide/sound lesson ^*Breadboard i ng and Testing 
a Solid State Power Supply*' unless you have assembled electronic l^its 
or built circuits before, 

THIS COMPLETES THE NARRATIVE FOR LESSON IV, MODULE FIFTEEN, EXPERI- 
MENT EXP, FIFTEtN-IV COVERS THE PERFORHANCE OBJECTIVES FOR TH^S 
LESSON, IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO THE 
EXPERIMENT, THIS LESSON IS COVERED BY: 

AUDIOVISUALS 
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E<P. Fifteen-IV 

EXPERIMENT 
LESSON )V 

Breadboard ing And Testing 
A Solid State Power Supply 

Obtain a Power Supply Breadboard kit, and inventory the parts by comparing 
them with the list supplied with the kit. 

Experiment Ftfteen^ll may be of use when you are Inventorying these parts. 

You wl ) t a) so need 

1. 6825 Technical Hanual 

2. Huttlmeter 

■As you assemble the 8re^, board, install the components on the bqard and 




Figure 1 Figure 2 

Assembly Procedure 

I* Open ^he 6825 Technical Manual to Figure ^^2. Use this schematic to 
guide. you as you wire your breadboard. Refer to Page 57* Figure 3 i^ 
your Module 15 for suggested component layout. 

2. Lay out the four Bridge Rectifier Diodes. HOTE : The arrow points 
toward the bande?J end. 

3* Use a short patch wire to connect CR3 to CR^. ?ut them one above the 
other with the banded ends on the top. 

With a short patch wire connect CR5 to Place these diodes (with 

their banded ends gp) beside the first two on the board. 
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5* Using the RXJOOO Scale on the AN/PSH-4 measure the combined series 
resistance of CR3^ and CR4; then reverse the meter leads and measure 
the resistance in the opposite direction. The resistance should be 
very high in one d i rect ion (near infinity) and small in the other. 

6. Measure the series resistance of CR5 and CR6 in the same way that ' 
you did CR3 and CR^*. 

7. Connect the top of CR^ to the top of f.R5 with 3 short patch wfrfe. 
This is the positive side of the bridtie. 



8. Next connect CR3 (bottom) to CR6 
or ground side of this bridge* 



12, 



is the negative 



9' Notice fn Fig* 6-2 In the Technical Manual that the secondary leads of 
. the transformer (T5) are connected into the middle of the bridge. Make 
these connections. NOTE: The secondary leads of T5 are red. 

10. Connect the positive (>) ends of C22 and C23 to Rl7, one capacitor 
to each end of the resistor. 



Connect the positive (+) end of C22 to the positive (+) end of the 
bridge* and the negative (-) end of the two capacitors to the negative, 
(•) end of -the bridge. "-^ 

Now connect, the Zener regulator CR7 into the circuit Be sure the 
polarity is correct. The band should ''e at the positive (+) or upper 
end. 



13. Next install the bleeder resistor (r18). Connect it in parallel with 
CR7- 

I^*. Look at the scheinatic of the output section (RI9, R20, R2I, C?M^ C25.) 
Notice that this circuit is parallel to RI8, and that the negative . 
ends of both capacitors are connected to ground. Now lay out these 
components and connect them into the circuit. * * 

I5. As a check of your circuit, see if you can follow a continuous path 

for current flow from the bottom of R2I through R2I, R20, RI9, and Rl7 
to the positive (+), top, side of the bridge. Now check to see whether 
the negative (*) side of the bridge (ground) is connected to the 
negative side of each of th^ capacitors, CR7, and the bottom of RlS 
and R2I. ^ \ 

If you stIIJ are not sure that your breadboard is right, look at Fig. k 
for some more help. ^ 

WHEN YOU HAVE COMPLETEO THE BREADBOARD TAKE IT TO YOUR LEARNING SUPERVISOR 
TO CHECK* THEN GET THE INPUT POWER CORD. HOW DO STEP 16 OF THIS EXPERIMENT. 
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Suggested Component layout For 8readbo£'-d 
Figure 3 
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16. Now before plugging the power cord into an AC outlet, connect the 
powr.r cord to your breadboard power supply using the two short 
pfttch wires remaining (fig* ^) * * 

17 The following steps could result in personal injury or ioss of life 
!f not correctly followed. 

Next plug In the power cord to the receptacle in your study carreK 

WARNING • LETHAL VOLTAGES PRESENT 

I84 Set the VOM to measure OC voltages* 

19* Connect the (+) meter lead to junction of RI8 and R19 (TPS) and the 
(-) meter lead to ground; meter should Indicate 9-1 VDC ^ ]0%. 

20. Connect the (+) meter lead to the junction of R20 and C2h {TP6) and 

the meter lead to ground; the meter should indicate 8,8 VDC + 10^, 

2K Connect the (0 meter lead to the junction of R21 and C25 (TP?) and 
the (-) meter lead to ground; the meter should indicate 8,6 VDC + 

22, Remove the meter leads and de-energize the breadboard power supply, 

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN SEE YOUR LEARNING SUPERVISOR. 

23, Remove components from breadboard and restore your power supply 
breadboard ki t. 

THIS CC-iPLETES THIS EXPERIMENT. PROCEED TO LESSON V. 
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OVERVIEW 
LESSON V 

I nput'Conversion-Output (ICO) Concepts 

In this 1esson» you will learn what !C0 Is and how you can ^pply 
this simple concept to aid you In effectively troubleshooting. In 
addi tion you wi 1 1 : ^ 

-apply the InpuT-Conversion-Output concept to electronic components 
and ci rcui ts . 

-Interpret block diagrams. / 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON THE 
NEXT PAGE 
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StudV Resources ' ^^!^t 

LIST OF STUDY RESOURCES 
LESSON V 

I nput-Convers ion-Output (ICO) Concepts 
To learn the material in this Lesson, you may use: 
STUDY AND PROGRESS CHECK BOOKLET 

Lesson Narrative 
REFERENCES 

Electronics and Nucleonics DTctionary , Markus 
EIMB 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE 
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NARRATIVE 
LESSON V 



Input-Conversion-Output (ICO) Concepts 



Input-Conversion-Output is not a new idea for you* An automobile 
has an input of fuel and air and an output of 'mechanical rnotion. The 
engine and drive train must convert the chemical input to the mechanical 
output 4 




A musician playing a piano can be thought of in the same way: 

The musician moves his fingers skillfully over a keyboard* (input) 

The keys are connected to hammers which strike tuned strings. 

The vibrating strings set air in motion to produce sound* (Output) 
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In many cases, a mental exercise like this !s not especially useful - 
until something goes wrong in the conversion process. When this happens, 
the output changes and we are likely to be unhappy with the result- 
In electronic circuits, the mput-conversion-output (abbreviated ICO) 
concept Is extremely important to the technician because it tells him when 
something is wrong in the conversion process. It is also a powerful tool i 
helping to locate the fault. 

In this Lesson you wi 1 1 : 

-apply the input-conversion-output concept to electronic 

components and circuits 
-interpret block diagrams 

All electronic equipment-^no matter how complex^-is composed of one or 
more of the f^asic circuits you will study ir^ the next few modules. You 
wi r I learn about the types of ci rcui ts and you will pre *ce us Jng test 
equipment and repair techniques. 

The training devices you will work with wilt include all the comirton 
circuit conf igur^itions in solid state versions (we will deal with vacuum 
tube versions a little later). The basic circuit TYPES you will become 
familiar wi th are: 

1- POWER SUPPLIES - convert AC line voltages to AC or DC OPERATING 
vol tages- 

2- REGULATORS - stahilize the OPERATING voltages against input or 
output f luctuat if^ns . 

3. OSCILLATORS - generate continuous SIGNAL voltages from /;PEfWTIMG 
vol tages. 

AHPLIFJERS - increase SIGNAL power, 

5' TRANSDUCERS " change ENERGY frcMr, one FORM to another (motors > 
meters, or loudspeakers converc electrical energy to mechanical 
energy; crystals do the oppos,*e; lamps convert electrical 
energy to light and heat). 

And, of course, there's a v^rhole bunch of things (like wires, cables, 
switches, plugs, etc.) needed to CONNECT the SIGNALS between CIRCUITS 
and TRANSDUCERS. 




Narrative 
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Here is a simple block diagram showing applications for three of these 
basic Circuits: 

A- POWER SUPPLY 
B- AHPLIFtER 
C- TRANSDUCER. 

BLOCK DIAGRAM OF PHONOGRAPH 



115 VAC 
LINE 

volta<;e 



=DTi 



CKT 



oc 



REGULATOR 



STABLE ' 
-n OPERATING 
PC VOLTAGES 



RECORD 




CltT#2 
CRVSTA- 



LOW LEVEL 
SIGNAL 



CKT^>3 



HIGH 
LEVEL 
SIGKAL. 



CKT #4 
SPEAKER 



J1££2L£ 



A] 



Now match the following circuits with their general classifications. 

CKT #1 A. POWER SUPPLY 

CKT #2 B. AMPLIFIER 

CKT #3 C. TRANSDUCER 
CKT Ifk 



CKT #1A CKT #3B 

CKT# 2C CKT ^^C 
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Narrative 

How let's apply the ICO concept to our phonograph. 
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STABtE 




If you turn your record player on and find it won't make a sounds you will 
try to find out what is wrong with it. 

One of the first things you will notice is whether or not the record is 
turning. If it is, then you have eliminated the turntabl** the possible 
^trouble. Next we rneasure the signal voltage at Point A« and find a low 
level signal there with our meter. How« what can we say about the crystal? 
ts it good or bad? 



The crystal is good, 

Next we rneasure the signal at point If we find no (zero) signal 

here what might be wrong? List on a separate sheet the blocks that might 
have failed* (Ktnt: The amplifier has more than one input.) 

A* PpWER SUPPLY 0* CRYSTAL 

B. REGULATOR E* AMPLIFIER 

C. TURNTABLE F. LOUD SPEAKER 
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A. POWER SUPPLY 

REGULATOR 
E, AMPLIFILr 



What you are doing ^is known as TROUBLESHOOTING, Tracing signal voltages 
and trying to isolate a failure to a specific circuit type wM I be one of 
your major jobs, 

WHAT THIS COURSE WILL DO: 



Develop your skills as a technician by a series of learning exercises 
whtch will : 

DEMONSTRATE *'each n-^eded KNOWLEDGE and each practical SKILL," 

Give you: 

PRACTICE "Using each skill and knowledge until you are 

confident," 

and (finally) : 

EVALUATE "Your ability to use the skills and knowledge, 

to prove your qualrf ica*:ion to progress in 
the course,*^ 



IF YOU FEEL TKmT YOU HAVE UNOERSTOOD THE INFORMATION IN THIS LESSON YOU 
HAVE COMPLETED MODULE FIFTEEN, THERE IS NO MODULE TEST FOR FIFTEEN, 
YOUR LEARNING SUPERVISOR WILL EVALUATE YOUR EXPERIMENTS AND MARK AN ADMINI- 
STRATIVE FORM« 
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MODULE SIXTEEN 
ASSEMBLY AND REPAIR TECHNIQUES 




STUDY AND PROGRESS CHECK BOOKLET 




Overview 
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OVERVIEW 
MODULE SIXTEEN 



Introduction to Printed Circuit Card 
Assembly and Repair Techniques 



This Module is designed to provide instruction and practice in solder- 
ing on printed circuit cards. You will practice the techniques using the 
proper tools for the job by reconstructing the power supply you "bread- 
boarded** in Module Fifteen on a printed circuit card and testing the fin- 
ished product. )n addition, you will use a logical troubleshooting 
technique to locate faulty components which will, then be replaced. To 
help you learn and practice these skills, this module has been divided 
into three lesbO'^c:^^ 



Lesson 



Lesson 
Lesson 



III - 



Basic Soldering on Printed Circuit Cards 
Printed Circuit Card Power Supply Assembly 
and Testing 

Troubleshooting the Power Supply Using 
the Six-step Troubleshooting method 



So 
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MODULE SIXTEEN 
LESSON ( 



BASIC SOLDERING ON PRINTED CIRCUJTCARPS 




Ove''view 
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OVERVIEW 
LESSON I 

Basic Soldering on Printed Circuit Cards 

The name of the game is "troubleshoot and repair," You are being 
trained to isolate and repair malfunctions in the equipment your rating 
is responsible for. Soldering tools use heat and liquified metal to 
remove and replace faulty components. Properly controlled, heat can be 
used ty^ke effective repairs; improperly used, heat can destroy elec" 
t ron i c components . 

In this lesson you will iearn i^ow to solder and de-'solder coTLpon^nts 
on printed circuit card connection points called "pad*j." Vou will learn 
about : 

"Soldering tools and equipment 
'^soldering teclmiques 
"de^sol der ing techn iques 

Be sure you follow directions carefully. 



BEFORE VOU START THIS LESSON, PREVIEW THE LIST OF STUOV RESOURCES ON 
THE NEXT PAGE* 
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Study Resources ^ S!xteen-t 

LIST OF STUDY RESOURCES 
LESSON I 

Basic Soldering on Printed Circuit Cards 

The following material is available for this lesson* 

STUDY AND PROGRESS CHEC*' BOOKLET 
Lesson Summary 

Experiment, EXP. Sixteen*! **Basic soldering on printed circuit cards 
AUDIO VISUAL 

Static/Motion - Basic Soldering I *'Tool Identification'* 
Static/Kotion Basic Soldering II **Component Replacement*^ 



IT IS HIGHLY 

RECOMMENDED THAT THE STATIC/MOTION PROGRAM 
BE VIEWED IN ORDER TO COMPLETE THIS LESSON. 



IF YOJ HAVE HAD SiGNI^lCANT EXPERIENCE IN PRINTED CIRCUIT CAKO ASSEMBLY 
AND REPAIR, SEE YOUR LEARNING SUPERVISOR. 
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SUHHARV 
LESSON I 

Basic Soldering on Printed Circuit Cards 

In this Lesson you will tearn to solder on printed circuit cards 
using the latest so1derIng/de*solderlng techniques. 

In order to produce effective solder connections on printed circuit 
cards» proper tools and techniques must be used. The most Important 
steps are: 

a. Cleaning pleads and ccHinectors. 
Forming or bending leads* 

c. Positioning and holding components. 

d. Using the proper soldering toot. 

e. Using heat sinks. 

f. Application of heat and solder. 

g. Trimming excess lead wires. 

h. Inspection and testing. 

In addition^ when components are being removed^ proper de*solderlng toots 
and techniques must be used^ 



VIEW A/V "BMIC SOLDERING 1" AND "BASIC SOLDERING II" BEFORE COMPLETING 
EXPERIMENT EXP. SIXTEEN'I. 
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EXP. i Sixteen*! 

EXPERIMENT. 
LESSON 1 

Baste Soldering on Printed Circuit Cards 

Materials: 1. Practice card* 
2. Soldering Kit. 

Inventory Soldering Klt^ using "Soldering Tool Inventory List" below* 
SOLDERING TOOL tNVENTORY L IST 





6" long nose pi lers 




V long nose pi ters 


3. 


Dtagonet cutting pliers 




6" wire bending pliers 


5. 


It" wire bending pliers 


6. 


Ctocic tweezers 


7. 


Setf-ctosing tweezers 


8. 


Anti-wiclcing tool 


9. 


Soldering Iron and stand 


10. 


Solder removing tool 


U. 


Fl te 


12. 


ileat Sinlcs 


13. 


Solder 


lit. 


WI re stripper 




Work position stand 


16; 


Tool box 


17. 


Cleaning brush 


18. 


Cleaning solvent 


19. 


Liquid flux 


20. 


Rubber Eraser 



EXP. 



Soldering tools, identification; 
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EXP. Sixteen*! 

A. De-soldering components: 

PROCEDURE: 

1. Layout and inventory the soldering kit, 

2. If there are any missing parts, see your Learning Supervisor. 

3. Plug in the soldering iron and place rt in the soldering iron 
stand. 

A. Place the practice PC Card in the work positioner fori side tip. 

5. Wipe the tip of the heated soldering iron quickly across the 
dampened sponge. 

6. Cock the solder removing tool* 

7* Place the tip of tJie iron so that one surface of the tip touches 
the lead o^ the resistor and another surface touches the pad. 




Figure 2 

3. As the solder begins to melt, position the solder removing tool 

directly over the pad and press the release button. (WARNING: Mm 
the plunger away from your body when pressing the rele2se button*) 
Repeat this process until all solder is removed from the pad. 
Usually two passes removes all the solder. To avoid ove^h^aating 
the connection, remove the soldering iron as soon as you hdV€ 
completed the pass with the solder rernoving tool. 

9* Repeat steps ^ through 8 for the zcher lead of the resistor. 

10. Move the printed circuit card to the vertical position. 



76 67 



EXP. 



Sixteen- I 



IK Vith the long nose pliers grasp the res:scor in the center. 
Place the tip of the iron against one pad and gently lift the 
lead from that pad. Repeat this process for the other lead. 

Soldering components; 
PROCEDURt: 

)• Straighten the leads of the new resistor by using the flat edges 
of the long nose pliers to remove any kinks. \k> not scrape or 
nick the leads. The leads should point straight out from the 
body of the resistor. ^ ^ 

2., Clean the leads with a slotted rubber eraser by drawing uhe leads 
through the slot until they are bright ond shiny. 

3^ Use the self-closing tweezers to dip jUe leads Into the cleaning 
solvent. Remove ^ny remaining grease or gri;ne. 

Grip the resistor with the' sel f-clos i ng tweezers and i^enter the 
component between the pad eyes. 

5^ With the wire bending pliers» grip the lead at a point directly 
c/er one of the pad eyes. 

6. Kemove the self-closing tweezers and make a 90^ bend in the lead. 

7. Make a bend at the proper point on the other leai.^. Be ciireful 
not to contaminate the leads with oil or grease from your fJngcrs. 

8. Place the leads of the resistor through the holes in the pad eye 
until the resistor body comes in contact with the card. The leads 
should fit smoothly without: binding. Use the self-closing tweezers 
to hold the component in place. 

9. Turn the PC Card over so that the foil side is up. 

10. ^crub the pad eye areas and the leads with the brush and cleaning 
solvent. Allow sufficient time for the area to dry before sold" 
ering. CAUTION : Whenever using the brush and solvent^ be care- 
ful not to splash solvent in your eyes, 

11. Qbta'n solder and straighten one end to approximately 3 inches^ 

12. Wipe the tip of the iron across the dampened sponge and apply the 
Iron to the lead and pad simultaneously as was done during desol- 
der ing . 



IhMC 
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13. Apply the solder to the connection, not the iron. 



SOLDERING IRON 



SOLDER 




PAD 



Figure 3 

lit. When the solder starts to melt, feed only enough solder to com- 
pletely and uniformly surround the Ir.ad. 

15 Pemove the solder and allow the iron :o remain until the solder 
completely flows over the connection and has a smooth shiny sur- 
face. 0.uickJy withdraw the iron. 



16. Repeat steps 12 through 15 for the other lead. 

17. With the diagonal cutting pliers (dikei,) cut the component leads 
off at the point where they emerge from the solder. 

■ 18. Scrub the pad eye areas with cleaning solvent to remove all traces 
of flux. 

C. De-soldering and -olderlng capacitors. 
PROCEDURE; 

1. The bas,ic technique outlined in f.ectlons k «nd B of this Job 
Sheet apply for all componcitts . 

2. Ren'-ove and repUice the rapacUor. 

D. Heat Sensitive components; 

Diodes, Transistor?, Integrated Circuit Chips. 
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K When working with heat sensitive comoonents, care must be taken 
not to damage them wfth excessive heat* The chance of heat damage is 
reduced by placing a heat sink on the lead between the body of the 
component and the tip of the iron during both the de-solde'*ing and 
soldering. Ensure good contact is made, 

2, Remove and replace the drode, 

UPON COMPLETION OF STEP 02,, TAKE THE Cl.lPLETED CARi) TO YOJR LEARNING 
SUPERVISOR FOR INSPECTION AND CRITIQUE, THEN CONTINUE ON TO LESSON 
SIXTEEN-IL 



79 



MODULE SIXTEEN 

LESSON n 

PRINTED CIRCUIT CARD POWER SUPPLY ASSEHBIY AND TESTING 
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OVEKVIEW 
LESSON I I 

Printed Circuit Card Power Supply Assembly and Testing 

In Lesson 11 yc ! will get 3 chance to put to practical use th^ 
soldering theory you have learned. In Module IS you assembled a 
bre^dboarded power supply, in this lesson you will be provided a kit 
for assembling that same power supply to enable you to obtain more 
practical exj^erlerce. To determine If you have constr<jcted this pnwer 
supply correctly, you wMI Insert It In the 6B25 Radio Receiver. If** 
after energizing the 6B25, there Is sound comn a from the earphones and 
the power supply output voltages agree wl th . the technical manual, you 
can assume the power supply is functioning properly. 

In this lessofi, you will 

-use soldering tools and equipment 

-solder all components using proper safety requirements 
and component polarity 
-test output voltages 

Be sure you follow directions carefully. 



BEFORE YOU SiART THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THE NEXT PAGE, 
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LIST OF STUDY RESOURCES 
LESSON M 

Printed Circuit Card Power Supply Assembly and Testing 

The following material is available for this lesson. 

STUDY AND PROGRESS CHECK BOOKLET 

Lesson nummary . 
Experiment, EXP. Sixteen-ll Printed Circuit card ^ower supply assembly 

and testing. 

AUDIO/VISUAL ^ _ . „ 

Static/Motion - "Printed Circuit Card Assembly and Testing 



IT IS HIGHLY 

RECOMMERDEO THAT THE STATIC/MOTION PROGRAM 
BE VIEWED IN ORDER TO COMPLETE THIS LESSON. 



IF YOU HAVE HAD SIGNIFICANT EXPERIENCE IN PRINTED CIRCUIT CARD ^SSEMBLY 
AND SOLDERING, SEE YOUR LEARNING SUPERVISOR. ^ . 
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SUMMARY 

LESSON n 

Printed Circuit Card Power Supply Assembly and Testing 

In this Jesson ycj will put into practice the solderin'j theory you 
learned in Lesson L This wil] be accomplished by building the same 
power supply you previously breadboarded on a functional printed circuit 
board. You will then test your po^^/er supply by plugging it into the 6625 
and checking at the earphones for sound and at the power supply output for 
proper voltages. 

In order to bullcf a power supply that will function properly, you must 
adhere to certain requirements and procedures. The most important of 
these are: 

* a. Use proper soldering techt^l^es (diodes are easily damaged 
by heat) . * 

b. Observe proper polarity of diodes and electrolytic capacitors. 

c. Inspect the PC card after completion of soldering. 

d. Test the power supply output for proper voi tages . 



VtEW THE AUOiO-VISUAL PRESENTATION, THEN COMPLETt EXPERIMENT EXP SIXTEEN-II 
IN THIS BOOKLET. ' 

NOTICE!! THE SOLDERING PORTION OF EXPERIMENT EXP. SIXTEEN-II IS A 
PERFORMANCE TEST. 
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EXPERIMENT 
LESSON II 

Printed Circuit Card Power Supply Assembly and Testing 

Materials: • ^ 

Printed Circuit Card Power Supply kit and inventory list. 
6B25 Technical Manual. 
Soldering station kit.' j 

S"! Assembly of the Printed Circuit Card Power Supply: (Refef to Technical 
Manual, F'g* 6-2, for PC Board Layout) 

NOTlCEl l THE SOLDERIUG .PORT I0« OF THIS EXPERJHENT IS A PERFORMANCE TEST* 

PROCEDURE; 

I4 Inventory the printed circuit card power supply by comparing the 
parts with th^ parts list provided in 6B25 Technical Manual* 
Inventory the soldering station with the inventory list provided 
in Experiment Sixteen-I of this booklet. 

2. Report any*dlscrepanci^ to your Learning Supervisor. 

3. Place the printed circuit card In the work positioner, folV side 
dowp. ^ 

V 

A. Select the Zener dtodc from the printed circuit card power supply 
kit" and use the procedures you have previously learned to clean 
the leads* 

5^ Bend the leads of the Zener diode to fit the pad eyes, and using 
the sel f-^clos ing tweezers, dip the leads Into the cleaning solvent 
to remove any oil picked up from your fingers during the bending 
procedures* 

6. With the self-closing tweezers, insert the Zener diode leads Into 
the^proper pads directing the diode's band towards the center of 
""StiB board. Hold the uiode in this position with the self-closing 
tweeters* DO NOT, SOLDER, yetl 

7* Select one of the 10 kohm resistors from the kit, perform the 
cleaning and lead beoding procedures, then insert the resistor 
leads, into the proper pads for R-)8. 

8. With the resistor In, places connect the hea^ sinks to the leads of 
the zener diode between the solder pad and the body of the zener 
diode. 

9* Rotat*^' the work positioner* 

10* Clean the p^ds and leads and colder both components at the same time 
remove the heat sinks* 
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IK Clip the leads of boih components as close to the solder as 

possible. This should be done a^ you complete the soldering of 
each component. 

12* Following the same procedures, mount the following resistors: 
R2) (10 kohm) , R20. (100 ohm) ai^d R19 (220 o..m) • 

13, Mount R17 and the two 100 uf capacitors, C22 an'^ ^2?, Use the 
same procedure you used to mount the zener diode tind the 10 koKm 
resistor, 

KOTE : The pos*itive ends of th« capacitors will be toward the center cf 
the boa'dl 

i 

Follow the same procedure for the other two loO uf capacitors 
(C2^, C25)* (Don't forget the polarities^) 

15' The final step in the installation of components is the on« which 
requires the most care in soldering the construction of the 
bridge rectifier. Look carefully at the picture; 






figure 1 



figurt 2 



Your power supply kit contains .four diodes. They a/e one of the 
two types shown in figures 1 and 2, ^ 

When mounting the diodes shown figure 1 we make two 90^ bends 
in the lead at the small end and mount them as shown in figure 3. 



.r 



.0: 



1 



)* 

figure 3 

When mounting these top hat diodes, it is imperative that a heat 
sink be used to protect the small end of each diod^. Due to 
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the large amount of metal on the large end of the diode, a 
heat sink wilt not be needed provided the solder connection is 
made qu ickl y. 

If your Ijit has the diodes shown in figure 2 you will notice a 
ring or band around one end. This indicates the direction the 
arrow points (see fig. 2). You will need heat sinks on both 
ends of this type diode when mounting (see fig. ^) , 




figure k 



16* Mount the four diodes using the appropriate soldering and clipping 
techniques . 

17* Clean all pad eyes with the brush and cleaning fluid provided. 

18. Check your card using the check list below. When you are satis- 
fied with your power supply soldering job, take this booklet and 
printed circuit card to your learning supervisor. He will inspect 
it using the check list below and certify it. 

STUDENT L/S 
CHECK CHECK 



1. No cold solder connections. 



2. Ho excessive solder on the connections. 



3* Properly bent and clipped leads. 



No rosin residue. 



5* No lifted pads or foils. 



6. No cracked solder connections. 



7* Good electrical characteristics of the components 
(i.e., diodes not shorted or open, resistors of 
I J ind icated val ue , etc . ) 

SOLDERING SATISFACTORY: 

L/S Signature 
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6. Testing the Printed Circuit Card Power Supply* 

After^he Learning Supervisor has certified your board: 

K Ensure th^ the radio chassis is unplugged and the ON-OFF switch 
is OFF. 

2. Plug the printed circuit carii \r.to the proper connector^ aligning 
the pins of the connector with the alignment slots v:ut into the 
card, and plug in the line cord. . DO NOT ENERG IZE ! 

3- Set the multimeter to read -fDC volts. 

Clip the negative lead from the multimeter to the radio chassis. 
This is the ground connection which will remain in place for 
all vol tage read i ngs . 

5. Energize the 6B25 Receiver and measure the following voltages: 

a. TP5 to ground. Inis point should read approximately 9*2 VDC. 

b. TP6 to ground. This point should read approximately 7*6 VDC, 

c. TP7 to ground* This point should read approximately 7.5 VDC, 

6. If the correct voltages are not present at the indicated test 
points^ see your Learning Supervisor* 

7. If your voltages are correct* tune the 6B25 to the station of your 
choice, then listen to a melodious tune for a while. 

8. Desolder alt power supp]y components except the transformer and 
clean up the P.C. board for the next student. 

9. Completely secure your work area and test equipment. Take your 
desoldered P,C. board and this booklet to your Learning Supervisor 
when completed. 

Desoldering Satisfactory; - - 



L/S Signature 

GO TO LESSON SIXTEEN-III, ^'TROUBLESHOOTING THE POWER SUPPLY USING THE 
SIX-STEP TROUBLESHOOTING METHOD". 
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TROUBLESHOOTING THE POWER SUPPLY 
USING THE SIX-STEP TROUBLESHOOTING METHOD 
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OVERVIEW 
LESSON I I t 

Troubleshooting the Pov^^er Supply Usins the Six-step Troubleshooting Hethod 

In order to effectively troubleshoot a piece of equipment a logical 
sequence of steps called t;:e "Six-step Troubleshooting Procedure" is 
used. When properly followed these steps can save a lot of time and con" 
fusion for the technician. 

In this lesson you will learn: 

-the six-step troubleshooting procedure 

-how to combine steps when troubleshooting small equipments 

-how to use a flow diagram to. troubleshoot 

-ho\^^ to use the half-splitting method to troubleshoot 



4 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THE MEXT PAGE 
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LIST OF STUDY RESOURCES 
LESSON III 

Troubleshooting the Power Supply Using the Six-step Troubleshooting Method 

The following material is available for this lesson. You may choose, 
according to your needs and past experience, from: 

STUDY AND PROGRESS CHECK BOOKLET: 
Lesson Narrative 

Experiment EXP, Sixteen-MI; Troubleshooting the power supply using 

the SIX step troubleshooting method. 

INFORMATION SHEET; 

Information Sheet KS, Sixteen-IH: Troubleshooting the Power Supply 

using the Six-step Troubleshooting 
^ method, 

TECHNICAL MANUAL: 

6625 Radio Receiver 
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YOU MAY NOW STUDY AMY OR ALL OF THE RESOURCRS LISTED ABOVE. 
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NARRATIVE 
LESSON HI 

Troubleshooting the Power Supply iTstng the Sl^-Step Troubleshooting Method 

You have now completed the assembly and te^'.ting of your printed circuit 
power supply card. Your printed circuit card may or may not work. If it 
does^ you will be issued a faulty card to troubleshoot; if it do'>sn*t, you 
will find out why. First, read this lesson for helpful hints tnen follow 
the instructions at the end of the lesson for practice in logical trouble^ 
shooting, - , 

Uec*s analyze the two terms "logicaT* and ''troubleshooting*', Webster de- 
fines "logical'* as: ^'Necessary or to be expected because of what has gone 
before; that follows as reasonable,*' What this really means is to arrive 
at a conclusion, using small steps that are closely related, Now for the 
te^'m **troubI eshoot ing :** This» En a nutshell^ means locating a trouble or 
maKi;7ction and correcting it by the rrtost efficient and fastest method. 

The Navy utilizes the **SiK-step Troubleshooting Method^** which naturally 
has six clearly defined steps. The following is an outline of these steps 
and a description of each, 

STEP 1 ' Symptom Recogni t ion 

Just by the title alone you might think this one is *'gedunk,'* Well 
most of the time it is* Usually it is very easy to determine t;ha^ the gear 
is not working properly, but you cannot rely on hearsay. You must determine 
for yourself that a problem really exists and that not just another ^'operator 
error" has been made. (This occurs quite often,) Then, there is the problem\ 
which is not quite so easy fo rec:>gnize. Here is where past experience and 
knowledge really lend a helping hand. Once you are sure that a problem 
exists, you are ready for the next step, 

S TEP 2 : Symptom Elaboration 

No S-^T-O-P ! ,,,Oon*t go runnJng for all the test equipment and reference 
material you THINK You may need. This wilt come in due time. Symptom 
elaboration is simply checking any rneters, or front panel indications avail- 
able on the equipment itself. Most equipments have some form of built-in 
test ^^'^atures. Utilizing your background knowledge and these test features, 
you fT^ay obtain a norfe detailed determination of the indications or symptoms * 
of failure. The elaboration process rneans 'Vefinement of symptoms,** You are 
not going to check for symptoms of malfunctions unless they relate directly 
to the problem at hand. This will help you get a clearer picture of the next^' 
step, 

- STEP 3 : List the Probabi e Fau 1 ty Func t ions 

The term **function'* is used here to denote an operation performed by a 
-specific area of an equipment or system. Generally each mjor equipment has 
on^ or more functions to perform. What this me^ns is that we are now using 
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logic to get us in the *^ball park.'* The '^ball par"<'^ is the'specific area(s) 
that the problem may be in. In this step it is important to eliminate as 
many areas (functions) as possible. You now have a list of probable faulty 
functions. To determine the malfunction yoj have to eliminate all of the 
items except the one that is faulty. Now, you're getting close to the 
^^roblem/ ^ ^ 



STEP A : Loca I i z f ng the Paul ty Funct ion 

Soi e areas may be tested nx>re rapidly and easily than others. These 
should be eliminated first. After selecting the order in which you 
will test, proceed to check the OUTPUT of each area or whatever test 
points are available for that particular area. After the test you will 
arrive at one of three conclusions: 

(1) This is where the trouble is. ■ ' 

(2) This is where the trouble 'ain*t.'* 

(3) This and an associated^ function is where the trouble is. 

Whatever your conclusion, you have discovered information that can be 
used to help you eliminate areas or functions. These tests are continued 
until the single faulty area is identified. You have narrowed the trouble 
to a small fraction of the total number of circuits. Next comes the step 
of troubleshooting the faulty circuit. 

STEP 5 : Local i zi ng the Paul ty Ci rcu 1 1 

Generally you will use one of two methods. Depending on the type of 
equipment, one method may be more useful th?n the other. 

(1) BRACKET tHG - You wi I I put brackets at the known good input (s) 
and at the b ad output (s) ^ make a test between them, move the 
brackets one at a -time, and make further tests in the new bracketed 
areas, 'This process is repeated until the problem is isolated. • 

(2) HALF-SPLITTING - This technique operates by taking a faulty area, 

" splitting It in half, and checking at the half-way point to see if 
the operation is correct at that point. If it is, we have eliminated 
the circuitry up to thEs point and we*now knew that the problem is 
in the circuitry following the mid-way point. Now, split the half 
that is known to be bad again. This process is repeated until the 
faulty circuit is isolated. 

In actual practice, you will probably combine these two approaches 
to solve your problem, 

STEP 6 : Fa i I ure Anolys f s 

Once we Ua^e found the malfunction* we could just replace the bad component 
and return the gear to service. But suppose it happens again? We must dtLer-* 
mine why the malfunction occurred and set up some method to prevent its happen- 
ing again. Something might be worn, old, improperly adjusted, or something 
else may have caused the failure. 
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When troubleshooting the bad power supply cards, you w,i 1 1 be required 
to use this s ix-s tep 4 roubl eshoot i ng method. First we have to determine 
whether or not the radio is working. Is there any sound from the headset? 
Is the power cord plugged in? Is Lhe volume control turned up sufficiently? 
These are all examples of questions you should be^sking yourself. This 
is an example of Step I,. Symptom Recognition - *'Does it work?'^ ^ 

Since the power supply is a small unit and is normally thought 
of as part of a system, we can incorporate or combine several of the s\x 
steps. For example, stops 2, 3j ^nd ^ may be combined in this instance. 
"Why?" you ask, Since the receiver ha^ no front panel meters, dials, 
etc., not muth of Step 2, Symptom elaboration , need be utilized. Step 3j 
List the probable faulty functions ^ is not^ needed because the radio 
worked when the good power supply card was installed. 

The same logic applies for Step 4, Localizing the Faulty Function . You 
know it*s the power supply card, so there is no need to localize it, y 

Now len^s look at a functional block diagram of the Power Supply. 
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Each block represents some circuitry in which the problem may lie. 
Step 5t Localizing the Faulty Circuit , is where you will determine 
which circuit is causing the probjen. 



To Localize the Faulty Circuit , the BRACKETING method or HALF-SPLITTING, 
method is used. Let's use the HALF-SPLITTING method to isolate a faulty 
circuit in our Power Supply. Refer to the schematic diagram on the next 
pa^je. In a .hypothet ical case, let's pick TP-3 as our first test 
polrit since it is approximately tlie half-way point in the function 
circuit. We find 9.1 VDC at th^s point and by referri|^ to the 
technical manual we can see that this voltage is correct. We know 
now that our problem must be in the c i rcu i t ry fol lowi ng TP-3 - Now 
we half-split the determined faulty area and take a voltage read- 
ing at TP-^. Once again we find 5* . I VDC, which is correct, so 
the problem musr be in the circuitry following TP-^ . Our next 
logical test point using the hal f-spl i 1 1 i n<5 method is TP-5 and again 
we find the correct reading of 9.) VDC. At this stage we are fairly 
certain that the problem must be in the output circuit. Let*s confirm 
our suspicion, though, and half-split the output circuit. By taking 
a voltage reading at TP-7 we find zero volts instead of the 7-6. VDC 
that the technical manual, calls for. Suspicion confirmed! We have 
just completed step 5 and Localized the Faul tx " i rcui t which in this 
case IS the output circuit. 



Nar rative 



S ixteen- ! 1 1 



^ It must be noted here that even though, TP-3, TP-'** and TP-5 can 
be considered on^ and the same test point since there are no com- 
ponents between them^ schematic diagrams often show test point<; in 
this manner for the purpose of testin^kring or foil strip contin- 
uity. . 
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POWER SUPPLY 

Now, we mUst4:ompIet<; Step 6, Fai lure Analysis , and find the bad com- 
ponents. Weifcan use either resistance or voltage measurements. We 
will use the resistance method becau^ it is the best way to determine, 
whether or not a component is good, Some.times it U necessar/ to u.nsolder 
a* component in order to make a resistance measurement. If the* cop[iponent 
checks g,ood, re-solder it and check another one until the faulty component 
has been found, In our hypothetical problem, we would. find R-19 to be ope 
After the bad component Is found and replacecl, we must determine why ^ 
the malfunction occurred and take action to prevent i t ' s happen ing 
again, Ut's say, for instance, R-19 opened because "of an, incorrect 
potentiometer setting somewhere in the radTo. It is not enough just 
to find and replace R-*I9 but you must also find and correctly adjust 
?lie potentiometer. After alt this has beer^ completed and the r^dio 
is once again operating properly you can take pride in a Job well done, 

THIS COMPLETES THE NARRATIVE FOR LESSON HI, MODULE SIXTEEN, 

EXPERIMENT EXP. SIXTEEN-!! I IN THIS BOOKLET COVERS THE PEfvFORMANCF- 
OBJECTIVES FOR THIS LESSV^N, EXPERIMENTS ARE A PART OF THE LESSON, 
■ PROGRESS^CHECKS WHICH YOU MAY TAKE AT ANY TIME- 
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EXPERIMENT 

LESSON in 

Troubleshooting the Power Supply Using, the 
Six Step Troubleshooting Method 

You are now going to troubleshoot a faulty power supply using a )ogica} 
troubleshooting method to isolate the trouble to a single component. 

MATERIALS: - 6B25 Radio Receiver 

- Prefaulted printed circuit power supply card 

- Mul t*ime :er 

- Technical Manual for 6B25 Radio Receiver 

NOTES: 1, A schematic and Block Diagram of the Power Supply can be 
found on the last page of Narrative Sixteen-IIK 

2, ^There is also a Flow (Logical Decision Making) Diagram, 

Information Sheet KS, Sixteen-lll, in this Booklet to help 
you In applying the hal f **spl i tt ing method of troubleshooting, 

3» ^Flow diagrams are always read from the top down and from 
left to right unless arrows show otherwise. This diagram 
may be used to check your progress as you execute, the nec- 
essary tests. Each time you make a test, follow the results 
on the flow diagram, A circle with a letter inside tells 
you to go back to the beginning and' test again. This will 
enable you to find any other trouble which rikjy be in the 
unit, 

PROCEDURE: 

ENSURE THAT THE (>B2S IS DEEHERGIZED 

Remove the power supply Printed circuit card and insert- a^prefaulted 
power supply card* 

Energize the 6B25 Radio Receiver and record the results of your tests 
in the spaces provided, 

1, Measure the voltage at TP 5, 

A, Ifvthis voltage is correct go to step 2, 



B, If this voltage is wrong go ^o stej^ 
2^ Measure the voltage at TP 6, ^_ 



A- If this volta'ge is correct go to step 3- 

B, tf this voltage is wrong deenergize the device and troublej 
shoot the 7,9 V output; go to step 7 and follow the direc- 
tions given, , ■ 
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Measure che voltage aC TP 7- 



A, Jf this vol Cage is correct Che power supply is supplying 
a 1 1 requ i red vol Ca^es . 

B. If Che vol Cage is wrong deenergize the device and crouble- 
shooC che 7.6 V ouCpuC; go co seep 7 and foflow che direc- 
Crons give::. 

Heasure che vol Cage aC TP 2 . 



"A. If chis volcage is correct go Co scep 6. 
6. If chis voicage is wrong go co seep 5- 
Heasure Che volcage aC TP K 



A. If chis volcage is correcc, deenergize che devfce and crouble- 
shoot che recctfier circuiC; go to scep 7 aid follow che direc-^ 
C ions g i ven . 

B. )f chis voltage is wrong deenergize che d'^vice and trouble- 
5;hooC che inpuc of che power supply; go co step 7 and follow 
che d i rec C ions g i ven. 

Heasure Che volcage ac TP 3. 



A. If chis volcage is correcC look for an open circuiC beCween 
TP 3 and TP 5 (chey should be che same ooinc elec Cri ca 1 ly) ; 
go CO sCep 7 and follow che direccions given. 

B. Jf this voitage is wrong deenergize che device and Crouble- 
shooc che regulacor and filcer; go Co step 7 and follow che 
directions given. 

Whac is che faulcy block? 

Go CO scep 8. 

BE SURE THE DEVICE IS UNPLUGGED! i 

Afcer you have id<;)Cified che faulcy block, inspect che compo- 
nencs for burr* resiscors, leaking capacicors* frayed' wl ring 
Open conn^-ccions, etc. 

If you fail Co visujlly locaCe Che faulcy component you 
musc check che resiscance of che componencs and compare their 
values wicK che correct values which can be found in che Cech- 
n i ca 1 manual . 

, Nocice chac if you measure TPS Co ground "and find zero ohms 
{a short co ground) che casual Cy" could scill be C 23> CR 7> 
R l8^or che ou$puC. Jn order Co isplace the malfuncCion 
CO a specific componenc each componenc must be removed From che 
circuit and Cested BUT 
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YOU WILL NOT REMOVE ANY COMPONENTS FROM THESE PRINTED CIR- 
CUIT CARDS. IF YOU CANNOT ISOLATE THE CASUALTY TO A SPECIFIC 
COMPONENT, STATE WHICH ONES COULD BE FAULTY!! 

The faulty component (s) is/are 



WHEN YOU HAVE FOUND THE FAULTY COMPONENT TAKE THIS EXPfRIMEK'T AND 
THE PREFAUl^fTED CARD TC YOUR LEARNING SUPERVISOR. 



YOU OW CCM^LETEO THIS MODULE. THE PERFORMANCE TEST WILL 

REQU. ' : SAME SKILLS AS THIS EXPERIMENT. IF YOU FEEL THAT jyz 
RESULT. ■ THIS CXPERINENT INDICATE THAT YOU ARE READY TO TAKE THE 
END OF MuDULE PERFORMANCE TEST, SEE YOUR LEARNING SUPERVISOR. IF 
YOU FEEL YOU «EED F.'JRTHER STUDY BEFORE TAKING THE PERFORMANCE TEST, 
YOU HAY REVIEW ANY ?ART OF THIS mODULL . 
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Flow Oiagram For Troubleshooting The Power Supply 
For The Six Step Trcubleshoot i ng hethod 
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OVERVIEW 
MODULE SEVENTEEN 

Introduction to the 6B25 Training Device 

This module is designed to acquaint you with the basic radio receiver 
and the test equipment required to ^intain this receiver < In addition 
you will learn to '^signal trace" and "troubleshoot" an AF amplifier 
using the ICO concept. This sounds like quite a lot, but f assure you» 
once you have mastered the troubleshooting techniques and the use of 
test equipment, the door to electronic equipment repair is wide open 
and can never be closed again. To help you learn and practice these 
skills, this module has been divided into five lessons: 

Introduction 6B25 Radio 

Lesson I Using the Signal Generator 

Lesson II Obtaining a Line Trace 

Lesson I 1 I S ignal I nterpretat ion 

Lesson IV AF Amplifier ICO Signal Tracing 

Lesson V Troubleshooting an AF Amplifier 
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MODULE SEVENTEEN 
INTRODUCTION 6B25 RADIO 




Have you ever wondered just how a radio receiver works? We all know 
that a radio station transmits (broadcasts) their programs and the radio 
receiver picks-up the broadcast* The receiver's antenna takes this 
signal and sends it to the electronic part of the radio. The electronic 
part of the radio " does somethi r j " that puts sound out of the sfjeaker or 
headset. 
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Tne purpose of these modules Js to provide you with an opportunity 
to apply some of your previous training in electronics to actual "real 
life" electronic circuits. You will be introduced to new technical terms 
and concepts, general radio operation, schematics, a typical Navy TechnN 
cal Manual for a specific radio receiver, and the tools and test equips 
men t necessary to isolate and identify primary circuit malfunctions or 
failures. Upon finishing the "How to do" and the "What to do'* portion 
of these rnodules, satisfactory completion of all module objectives will 
be indicated by your passing a radio receiver system 6S25 troubleshooting 
performance test. Although you are not expected to become an instant 
master radio repai rman-"these modules will be a giant step forward in 
repairing any type of electronic equipment. 

The various electronic circuits and their functions cannot be clearly 
understood without the use of test equipment. As a technician your pri- 
mary job in the fleet will be the repair and maintenance of electronic 
equipment". To p'^rform your job well, you must learn how to troubleshoot 
your equipment. Test equipment^^j^^^^h^ key.. It is easy to determine 
that a radio does not work when you cannot hear any sound, but in orjer 
to fix it, ycu must isolate the part that failed, 

A thorough knowledge of test equipment's capabilities and techniques 
for proper use are the technician's most important tools in troubleshooting 
electronic equipment. 

A type of test equipir^int conrimonly found in the fleet is an oscillor 
scope. Using a technique called signa> tracing, you will use the 
oscilloocope to troubleshoot the radio receiver. The oscilloscope 
(sometimes called an '*0" scope) has a screen similrar to a TV, It is 
used to display the waveforms that are found rn the different circuits 
of the radio receiver. This Is a great troubleshooting device because 
if we know what waveform we should have, then we can co.*npare it to the 
waveform we actual I y have,, it is the same , the radio must be working 
up to that point. On the other hand, if it Is not the same, as shown 
below, something must be bad before that point, 



A, What we expected to find * 




B, What we actually found 
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The mul t ineter cannot tel ' us that a dr f ference exists between these 
waveforms, h we had used it to try to find the trouble^ it is )ikeJ' 
that we would have missed this malfunction. » 

Another common type of test equipment is the signal generator. With 
a signal generator a technician can obtain a known frequency at a known 
modulation and amplitude. By applying this known standard to a circuit 
component and Ihen observing the output with an oscilloscope^ the tech* 
nician con determine if the circuit is functioning correctly. The 
technique of using the signal generator and the oscilloscope will be 
developed later. 

The electronics of the radio can be broken into sev^^l blocks or 
stages. Each block or stage performs one major function, A radio system 
for sending and receiving signals has been previously broken down to a 
transmitter and receiver and their functions have been identified. Looking 
at just the receiver portion of the radio> we can break it up further into 
f 1 ve stages . 

The first stage is called the radio frequency amplifier Stage (RF 
stage;. Radio stations (transmitters) broadcast their programs at 
some designated high frequency called a radio frequency (RF) . The 
antenna picks up this RF signa] and sends.it to the RF stage of the 
receiver which has the primary function of amplifying (making larger) 
the RF si gnal . 
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The output of the RF stage of the receiver is of greater amplitude 
than the input and is sent to the second stage of the receiver, the 
converter stage. The converter stage, as the name implies* changes 
(or converts) the amplified RF signal Into a lower frequency signal 
called the intermediate frequency signal (!F signal). The reduction 
from the high RF sign.il to the lower IF signal Is done because lower 
frequency signals are easier to amplify. 
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The IF signal from the converter stage of the receiver is then sent 
to the next stage for amplification. The third stage is caMed the IF 
amp I If ier stage 
the convertei'. 

V 



\t*s function Is to enlarge the IF signal receivefi from 
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The anipHfied IF signal is then sent to the fourth stage, called the 
detector stage, which converts the IF signal to an audio frequency signal 
{AF signal). 
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The audio frequency stage (AF stage) amplifies the output of the 
detector stage to drive the speaker or headset. 
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You have now been exposed to the five functional stages of the 6625 
Training Device, in subsequent instruction you will be given each block 
or stage to examine in more detail. In the next lesson you will receive 
basic test equipment usage {signal generator and oscilloscope) snd a more 
detailed breakdown o^ the AF stage. 
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OVERVIEW 
LESION ! 

Using T Signal G e nerator for Signal Injecticn 

In this lesson you will team to set up an AH/URM-25 Signal Generator 
to inject an audio signal into a circuit- It is imperative that you 
understand the use of this equipment fully as the signal generator is 
one of your most important tools in troubleshooting- 
There are several choices of media you may use to effectively learn 
this subject. If you need any of these sourc3s> do not hftsitate to 
utilize thern to the full&st extent. 



BEFORE you START THIS LESSON » PREVIEW THE LIST OF STUDY RESOURCES ON 
THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON I 

Using a Signal Generator for Signal Injection 

The following materials are available for this lesson. You may 
choose^ according to your needs and past experience^ from: 

STUDY AND PROGRESS CHECK BOOKLET; 
Lesson Narrac ive 

Lesson Stinwnary ^ \ 

AUDIO/VISUAL: 

Static/Motion - *'Using the AN/URM-25 Signal Generator" 

REFERENCE MATERIAL: 

NAVSHIPS SDZ^iA) Instruction Book for R,F, Signal Generator Set 

AN/URH-25 
^ 



IT IS HIGHLY 

RECOMMENDED THAT THE STATIC/MOTiaN PROGRAM 
BE VIEWED IN ORDER TO COMPLETE THIS LESSON. 



YOU HAY (."OW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. 
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Using a Signal Generator for Signal Injection 

The AN/UfiM"25 Signal Generator Is a device used to generate audio fre- 
quency and radio frequency sjgnals. This device is a very comnwn piece 
of test equipment in the fleet. its primary use Is to inject signals 
into actual electronic circuits for use in troubleshooting. As you may 
have learned In the past; troubleshooting Is far easier when you have a 
known signal input with which to compare the output signal. ^ 

In. this lesson you will learn how to set up the AN/UfiM-25 Signal 
Generator to iniect a signal with a known vol tage amplitude at a 
known frequency . ^ The way you will accompi Ish thi s Is to actual ly perform 
some task whi )e going through the narrative. Each time the narrative 
describes a step^ you wilhdo the same sffep on the equipment. 

GO TO A LAB CAfiREL TO DO THIS NARRATIVE. 

The first thln^ to do is to remove thfe front cover of the signal generator 
by releasing the four latches.. Then lay the cover to the side. Loqk at 
the power swi tch - Is i t off? if not, turn i t to the OFF posi tlon . Now 
plug the power cord Into a llgV 60 Hz receptacle. 

Using the illustration below locate these three controls; Hlcrovol ts 
Control , Carrier Control (i t wi Tl be labeled SET CARRIER TO 10) , and 
AUDIO OUT. 
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Now find these cofitrols on the s i gnal generator , Turn them all JtiH y 
counterclockwise, then turn the power switch to the OtJ position: 

LooJ^jtt_Uie front panel of rhe AN/URH-25 Signal Generator and you will 
see that the controls are grouped into roughiy two sections. The'^^'rarsedi 
section cn the left side the panel has" controls and dials used for 
setting the FREQUENCY of the output si^gnaK Any frequency between 
50 kHz and 50 HHz can be select^ed by setting the Frequency Band Switc h 
(the knob in the middle of the raised section) to the proper band and ^ 
tfien adjusting the Ha in Frequenc y Tuning Knob (the on(2 near the bottom 
of the raised section) so that .he exact Frequency number appears on 
either the kilocycle or megacycle dial. 

To generate ,a 13 kHz signal ^ turn the Frequency Band $wi tch so that the 
arrow on the knob points to the I0"30 kHz band position, ^ext, adjust 
the Hair Frequency Tuning Kno b until the number 13 appears under the 
hairline on the upper dial.^ Hake these adjustments on the signal 
generator now* 

Note; The oJdfcr 'term kilocycle (KC) has been replaced by kilohertz (kHz). 

Since we have set the frequency, now all.we have to do is adjust, the 
output amplitude. There are two jacks fror^i which we select Otjr output. 
The one you choose will depend upon how much output you want. The 
Rf OUTPUT X 200 K is located almost directly in the center of the 
generator. This jack will provide an output of 0-2 V. The other jack 
is the RF X-MULT . This jack provides an output of J microvolts ro 100,000 
microvolts and it is located at the bottom right hand corner. Locate both 
of these jacks on £he signal generator. To the immediate left of the 
RF OUTPUT X-HUIT is the RF HULTIPLIER switch. Notice it has six (6) 
positions; x'l, XI, XIO, XlOO, XlK, and XIOK. This switch will be 
used In conjunction with the RF OUTPUT X-HULT jack. The positions and 
their functions will be explaTned ful 1^ later on in this narrative. 
Now set the RF_ Hul tipl ier Swi tch to XlK. 

Next we wilt look at the tieter ^ located in the upper right corner. Vou 
will notice that the Heter has two scales - the upper scale Is used to 
adjust for signal amplitude and the lower scale is used to adjust for 
percent of the modulation. 

Immediately to the left of the Heter is the Carrie/^ Range switch. This 
switch will bie set to one of four positions depending upon the output 
frequency and the output jack. The four positrons are: 

X200K Jack lOKC - 300KC 

' 300KC - 50HC 

X-MUn-Jack lOKC - 300KC ■ 

300KC - 50HC 

Now set Che Carrier Range switth on X-^iULT lOKC - 300KC lo provide 
13 kHz at the X-HULT jack. 
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The next control is the Meter Selector switch^ This is a five position 
switch in the lower right corner. Locate this switch cn your sJgnal 
generator. The Meter S e lector switch must be set in one of the five 
positions: Crystal - ^or frequency calibration in the higher frequencies; 
CW - for a Continuous Wave signal which is not modulated; Ext " for exter- 
nal modulation of some frequency otrier than ^00 Hz or 1000 Hz; kOO Hz - for 
internal modulation; and 1000 Hz - for internal modulation. We will 
use this switch in the CW (Continuous Wave) position. Place the Meter 
Selector switch in the CW position. 

The Audio Out control establishes the percent of rnodulation when the 
Meter Selector switch is in the Ext, ^00» and 1000 Hz positions. We 
will leave this control turned fully counterclockwise. 

The Carrier control sets the level of carrier in the output. It will 
always be set to indicate 10 on the He ter when the Mi crovol ts control j s 
ful ly clockwise . 

The Microvolts control establishes the amount of output amplitude. To 
set the output, first turn the tiJcrovolts control fully clockwise, set 
the Carrier control to 10 on the meter's microvolts scale (upper scale) 
and go back to the MTcrovol ts control to adjust for the desired output. 
Set the output for 1 microvolt. 

Note: The Carrier control setting should be checked each time the fre- 
quency i s changed . " ". " 

Remember the R . T . Hul t i pi ier switch? We set it on XIK. What this 
switch does is mul t ipl y the val ue on the meter by what is shown by .the 
position of the RF Multiplier switch, (Don't forget your powers of ten). 
Let's see now, if we have 1 microvolt 6n the meter and the switch 

reads XIK that's (l X lO"^) X (1 X ic"^) = 1 X lO'*^ or 1 mi 11 ivolt . 

At this point we should have 13 kHz at 1 millivolt from the R-,F. Out- 
put X-Mult jack. Now for a quick review of th^ controlsr 
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1. Frequency Band Switch 

2. Main Tun ing Dial 

3. R.F* Multiplier 
Carrier Range Switch 

5- Meter Selector Switch 
6. Audio Out 

7* Carrier Control (Microvolts fully 

clockwise) 

8, Microvolts control 



I0-30KC 
13 kHz 
XIK 

10KC-300KCrX-MULT " 
CW 

FuUy Counterclockwi 
Set to 10 



Set to read 
, j] gMIcrovoIt 

If you have made the settings correctly, output at' the RF X-MULT 
Jack will be 13 kHz @ I millivolt. 



THIS COMPLETES JHl NARRATIVE FOR LESSON" I, MODULE SEVENTEEN. 

IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE DOING LESSON II, 
THIS LESSON IS COVERED BY: 



SUMMARY 



AUDIOVISUALS 
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Summary Seventeen- I 

SUMMARY 

^ LESSON I 

Using a Signal Generator for Signal Injection 

The AN/URM"25 Signal Generator is a piece of test equipment intended 
primarily for testing electronic equipment. Test signals^ either modulated 
or unmodulated, can be generated over 'a continqous range of freque^cies 
from 10 kHz to 50,000 kHz. 

The 10 kHz to 50 MHz frequency, range is covered by the following eight (B) 
bands : 



1. 


10 kHz - 


30 kHz 


2. 


30 kHz - 


95 kHz 


3. 


95 kHz'- 


300 kHz 




300 kHz 


- 950 kHz 


5. 


.95 MHz 


- 3.0 MHz 


6. 


3.0 MHZ 


- 9.5 MHz 


7. 


9.5 MHz 


- 30 MHZ 


8. 


30 MHz - 


50 MHz 



Within each band the desired frequency is tuned using the Main Frequency 
Tuning Knob . 

The voltage output at the RF OUTPUT X-MUIT jack is continuously variable 
from .1 microvolt to 100,000 microvolts providing the probe is 
properly terminated. Approximately 2 volts open circuit is available at 
the RF OUTPUT X-200K jack. At both of these jacks the voltage may be 
varied by means of the Microvol ts control. 

At the RIF OUTPUT X-MUIT jack the vol tage is also variable by means of the 
six-step RF Mul tip) ier switch. 



1. 


X. 


1 


2. 


X 


1 


3. 


X 


10 


It. 


X 


100 


5. 


X 


IK 


6.* 


X 


lOK 
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Summary Seventeen" I 

When initially setting up the AN/URM-25 signal generator or when chang- 
ing the output frequency, you must always: 

1. rotate the Microvol ts control fully clockwi se 

2. u<;ing the Carrier control , set the carrier to 10 on the 
Meter microvolts scale 

3. using tht microvolts control adjust for the desired voltage 
output on the Me ter 

A. Place the Carrier Range switch in the correct position 
depending upon the output jack and frequency utilized. 



THIS COMPLETES THE SUMMARY FOR LESSON 1, MODULE SEVENTEEN. 

IF YOU FEEL THAT'YOU NEED FURTHER STUDY BEFORE GOIMG TO 
LESSON II, THIS LESSON tS COVERED BY: 

NARRATIVE AUDIOVISUALS 
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OVERVIEW 
LESSON t I 



Obtaining a Line Trace 



In the previous lesson you learned how to produce a desired fre- 
quency and inject it into a circuit. Now you are gotng to learn how to 
look at that frequency at the input and output of some circuit. Just 
what is an Oscilloscope and what does it do? 

If we know what frequency and amplrtude we are putting Into a cir- 
cuit, and we know what frequencv^ and amplitude we are supposed to be 
getting out of a circuit, we can use an oscilloscope to see whether or 
not the circuit is functioning properly, 

in this lesson, there also is an excellent audio-visual presentation 
of the operation of the osci 1 loscope * Thi s wi 1 1 be of great hel p to you 
in understanding the function of each controK 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THE NEXT PAGE. 





Study Resources Seventeen-ll 

LIST OF STUDY RESOURCES 
LESSON I t 

Obtaining a Line Trace 

The following material is available for this lesson. You may choose^ 
according to your needs and past experiences^ from: 

STUDY AND PROGRESS CHECK BOOKLET: 
Lesson Narrat ive 
Lesson Summary 

Progress Check P,C, Seventeen M"I - Obtaining a Line Trace 
AUD I 0-V I SUAL : 

Static/Motion - "Obtaining a Line Trace^' (Seventeen ll-l) 

REFERENCE MATERIAL: 

NAVSHIPS 95706, Technical Manual for Osci ■ .5C0pe AN/USH-UOB and 
AN/USH-l^lA 

6B25 Technical Manual 



IT IS HIGHLY 

RECOMMENDED THAT THE STATIC/MOTION PROGRAM 
BE VIEWED IN ORDER TO COMPLETE THIS LESSON. 



YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. 
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NARRATIVE 
LESSON II 



Obtaining A tine Trace 



In this lesson, you will operate oscilloscope controls and begin 
to learn their names and their functions. As you follow this narra-* 
tive, you should operate each control after its operation is described. 
Near the epd- of the lesson you will observe the effect the controls 
have on jtJie oscilloscope presentation. 



An 05pn[ I loscope is a very complex, precision fnstrument with some of 
the characteristics of a television set. Most of the controls and 
adjustments on a television set are pre-set and then protected from 
the "knob twisters" so that only Che technician can adjust them, .The 
controls and adjustments on an oscilloscope mst be accessible; there- 
fore, the operator mui^t be much more than a "knob twister," 

When routinely setting up an oscilloscope for use, the first series 
of steps is to obtain a line trace--always using the proper procedures. 
Even experts use ^ series of steps to do this Instead of a time-consuming 
trial and error approach. 

Before energizing the oscilloscope, turn the I ntensi ty control fully 
counterclockwise. This will avoid excessive intensity of the electron 
beam which may damage the cathode ray tube (CRT), 

With the Power switch in the "OFF" position, connect and lock the power 
cord into its socket on the rear of the oscilloscope case and plug the 
other end into a grounded Il5v AC outlet, 

Now turn the Power switch to the "ON" position- The indicator 1 rght 
should come on, and you should hear the cooling motor running. 

Place the black Vertica l control s for channels A and 8 so that the 
indicator dots are up. This action will sfet these controls near their 
mid-range position. Next "click" the red channel A and 8 Polar i ty 
switches to the "Poirt've Up" position. 

Now set the black channel A and B Sensitivity controls to the "one volt 
per centimeter" (1 v/cm) positions. Next set the red channel A and 
channel 8 Vernier controls to the "calibrate" position, 

CAUTION : Do not force these controls! First turn each control counter- 
clockwise (CCW) a Httle bit, then slowly clockwise until itv 
"clicks" into the "calibrate" position. 

Now set both the Channel A and the Channel 8 I nput switches to the 
"AC" posjition- 
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Next go to the middle portion of the oscilloscope, find the black 
Horizontal Display switch and place it in the *'X1" position. Set the 
red Vern I er control on the saniQ switch to the '^calibrate" position, 
beinq careful not to force it- 

V 

Got it? Okay, now find the black Sweep Time switch and p!ace it in 
the '*1 millisecond/cm" position. Set the red Vernier control on the 
same switch to the "calibrate'' position. 

Near the bottom left section of the oscilloscope there are two '\ 
toggle switches — Intensity Modulation and Sweep Qccurance , Place 
these in the "normal" position. 

Look to the bottom right now. See the Trigger Level control? Turn 
the black control to the '^mid-range" or "0" position. Next turn the 
red Trigger Slope switch to the "positive" position. 

Directly to the right is the black Trigger Source control. Place 
it in the "in:.ernal" (INT) position. The r^d Sweep Mode Control is 
then turned counterclockwise until it "clicks" into the "Trigger 
Preset" posi tion. 

Directly above the Trigger Sour ce control is the Horizontal Position 
controf. This control will rotate three (3) full turns. Turn the 
control fully counterclockwise (CCW) and then rotate it clockwise (CW) 
one and one-half (1 1/2) turns — the white dot should be up. 

Now, ffnd the Scale Light control. This control will be set accord- 
ing to room illumination. Go ahead and adjust the control so you can 
observe the effect on the graticule or grid of the oscilloscope CRT, 
Set the control so that the grids are barely visible. 

To the right of the scale light control is the Vertical Presentation 
selector. Set the Vertical Presentation selector to "Channel A-" 



Look to the upper left of the oscilloscope and find the Cal ibrator 
switch- Place this switch in the "OFF" position, 

WUh your left hand, depress the Beam Finder button, located directly 
below the Scale Light Knob, end with your right hand increase the 
I ntens I ty control until a spot appears. Now, still depressing the 
B eam Finder , rotate th^ red Sweep Mode control located tn the lower 
right corner, clockwise until the spot broadens into a line. Keep the 
Beam Pi nder depressed and center the trace in the middle of CRT using 
the Ver ti cal and Hor izontal control s , S ince you 're us i ng Channel "A" , 
use the Vertical Position control for Channel "A". The Horizontal 
Pos i t ion control is used for both A and B channels. Release the Beam 
Finder button. Now adjust the 'I ntens i ty control to obtain a sweep. 
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Now that you have a trace you wi H want to make it as clear and sharp as 
possible. To do this, adjust the Astigmatism and Focus controls. Don't 
turn either control fully clockwise or counterclockwise and try to 
compensate with the other one. It just won^t do it. 

In order to use the osci 1 1 oscope* some means of connecting it to the 
equipment being tested must be used. For this purpose there are a 
multitude of different connectors with different tips. Since a I OX probe 
is often used* you will have to learn how to calibrate one. In the next 
lesson* you will also learn how to use it effectively in voltage measurements. 

Probe ,values are read on the sleeve of the probe, lOX is the multiplication 
factor of this probe. What this actually means is that the probe attenuates 
(divides) the voltage by a ratio of 10:1, When using a lOX probe the voltage 
measured with the oscilloscope must be multiplied by 10 to corrpensate for 
the probe's attenuation, / 

The probe's capacitance is adjustable so that it can be matched co the 
oscilloscope with which it is being used. Probe calibration should be 
checked dally and adjusted as necessary. 

The probe is calibrated by unscrewing the lock i ng s I eeve (see illustration) 
about one qua^-ter (l/^) turn and turning the proba body and tip assembly 
as necessary while holding the probe base. 



LOCKtMC 




use A TfP ASttMflV 



To calibrate the probe, obtain a line trace on the osci 1 loscope* then connect 
the BNC end of the probe to the Channel A Vertica l Input jack as the below 
illustration depicts. 

If you have a shielded tip probe* expose the tip by pulling back the spring 
loaded shieid and hooking the prpbe tip over the e.id of it. Now remove the 
protective cover from the calibrator VOLTS outpi't jack Hold the probe in 
your left hand and touch the tip to the center conductor of the Jack, 
DO HOT insert the tip into the jack. Inserting the tip will cause conductor 
to expand and break. 
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Turn the Calibrator switch to 20 while holding the probe in the jack. 
Now set the Sweep Time control to .5 millisec/cm. Center the trace 
vertically so that the negative peaks are on a grid line. The trace 
will have negative and positive peaks exactly 2 centimeters apart and, 
if the probe is calibrated, the peaks will be absolutely flat. Note 
that the signals in the following illustrations are shown off-center; 
this is done to make the drawings easier to see. 



4+++- 



++++ 



■fH+ 



■H44 



■HH 
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If the probe is over-corrected the sweep will have peaks on the 
leading edge (see illustration). 



III* 



++++ 



-f-H+ 



-H-H- 



-H+i- 



++++ 



If your probe is under-corrected the leading edges will be rounded 
(see illustration). 



4+++- 



++++- 



++++ 



rH-H- 



4+++- 



+++■ 



4+ff- 



-H- 



To calibrate the probe, hold the adjusting collar with the right 
hand> loosen the locking sleeve about one quarter (1/4) turn with the 
left hand. While watching the trace on the CRT, turn the adjusting 
collar until the peaks are absolutely fist. Now, slowly turn the 
locking sleeve until it is "finger tight," Look at the waveform to 
ensure the trace on the CRT hasn't changed while locking the probe. 

THIS COMPLETES THfc" NARRATIVE FOR LESSON U MODULE SEVENTEEN. 
PROGRESS CHECK P.C. SEVENTEEN 11 IN THIS BOOKLET COVERS THE PER- 
FORMANCE OBJECTIVES FOR THIS LESSON. IF YOU WISH TO TAKE 
THE CHECK NOW, SEE YOUR LEARNING SUPERVISOR. IF YOU FEEL 
THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON 
IS COVERED BY: 

SUMMARY " AUDIOVISl'ALS 



134 

120 



Suimtary 



Seventeen-^ 1 1 



* ' SUMMARY 
WESSON II 

Obtaining a Line Trace 

In order for you to become an effective troubleshooter, you must be 
familiar with the operation of an oscilloscope; therefore^ you must 
also have a working knowlecfge of the controls and their functions. In 
many cases troubleshooting is delayed due to a person's inability to use 
test equipment effectively. Smtetimes a 'Vachnician*' can't even get a 
line trace^ so he will not use , an osri I loscope, one of the most helpful 
pieces of test equipment. 

If you have used an oscilloscope you will probably be familiar with such 
controls as Sensitivity ^ Horizontal^ and Vertical Position , Sweep Ti me, 
Trigger , Horizontal Display , Focus , Astigmatism , I ntens ity , and Channel 
Selector. 

Listed below is the suggested sequence of control manipulation for 
obtaining a line trace: 

1 . Intensity - CCW 

2 . Power - OFF 

3. Line cord ^ ATTACH BOTH ENDS 
^. Power - ON^ 

5- Channel selector - CHANNEL A 

6. Trigger Source - INT 

7. Sweep Mode - FREE RUN 

8. Horizontal Display - XJ_ (Internal Sweep Magnifier) 

9. Sweep Time " I mil! I seconds/cm 

10. Sweep Time Vernier - CW to CAL 

I I . Sweep Occiirance - NORMAL 

Intensity Modulation - NORMAL 

12. Beamflnder - PUSH 

Horizontal Position - Adjust as necessary 
Vertical Position - Adjust as necessary 
Intensity ^ CW as necessary^ 

13- Intensity - Adjust for c?ear tr^ce 
Focus - Adjust for clear trace 
Astigfnatrsm - Adjust for clear trace 
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Sensitivity - 1 vu^ t/cm 

15. Sensitivity Vernier - CW to CAL 

16* polarity - + UP 

17* Input Coupling - AC^- 

18- Scale light - Adjust as necessary 

Once you have obtained a line trace, you should utt^ck. your probe to^ 
ensure that it js calibrated. Use the calibrator output section 
of the oscilloscope. )f there fcs not a perfectly flat square wave, 
calibrate the probe by loosening the locking sleeve and turning the 
adjusting collar to obtain a flat square wave. 

THIS COMPLETES THE SUMMARY FOR LESSOK II, MODULE SEV&KTEEN- 
PROGRESS CHECK P,C, SEVFKTEEK M IK THIS BOOKLET COVERS THE' 
PERFDRMAKCE C3JECTIVES FOR THIS LESSOK. TF YOU WISH TO^ 
TAKE THE PROGRESS CHECI^KOW, SEE YOUR LEARNIKG SUPERVISOR. 
IF YOU FEEL THAT YOU KEED FURTHER STUDY BEFORE YOU DO SO, 
THIS LESSOK iS COVERED BY: 

KARRAT I V£ AUD I OV I SUALS 
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PROGRESS CHECK 
LESSON II 

Obtaining A Line Trace 

This Progress Check is designed to determine whether or not you can 
obtain a line trace within ten minutes. 

Turn all the knobs on the face of the oscilloscope' counterclockwise 
{ccv} » then begin timing yo^r^^lf* 

Indicate^ in the sf>aces provided^ the settings you made for the indi 
cated control * 

TifDc Started; ^ Time Finished: 



K Sensitivity Control 



2. Horizontal Display 

3. Si#ecp Time Control 



Sweep Occurance 



5. Trigger Source 

e 

WHEN YOU HAVE OBTAINED A LINE TRACE. ON VOUR OSCILLOSCOPE CHECK 
YOUR RESPONSES WITH THE ANSWERS- PROVIDED IN THE BACK OF THIS 
BOOKLET. WHEN YOUR RESPONSES AGREE WITH T^fH ANSWERS, PROCEED 
TO MODULE SEVENTEEN LESSON Ml.. 

IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPEWISOt. 



\ 

t 
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OVERVIEW 
LESSOM III 

S ignal I nterpretat ion 

In the previous lesson you learned how to obtain a line trace with the 
AK/USM-140 oscilloscope. 

In this-Jesson you wiJI learn how to interpret wave forms. 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THE NEXT PAGE. 
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LiST OF STUDY RESOURCES 
LESSON lit 

S ignal interjretat io n 

The following material is available for this lesson. You may choose., 
according to your needs and past experience^ from: 

STUDY AND PROGRESS CHECK BOOKLET; 
Lesson Narrative 
Lesson Surnmary 

Progress Check P-C, Seven teen- 1 1 1 "Signal Interpretation" ^ 
Practice Sheet Seventeen- 1 1 1 "Signal Interpretation" 

AUDiO-VlSUAL: 

Statlc/Jlotion - Seventeen-III "Voltage Heasurefnent" 

REFERENCE MATERIAL: 

NAVSHIPS 95706, Technical Manual for Osci lloscope AN/USM-UOB and 

AN/USM-lAlA 

6825 Technical Manual 



IT IS HIGHLY 

RECOMMENDED THAT THE STATIC/MOTION PROGRAM 
BE VIEWED IN ORDER TO COMPLETE THIS LESSON. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. 
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NARRATrVE 

LESSON nr 



S ignal Interpretation 

Now that you have learned how to obtain a line trace on the AN/USM-UO 
oscilloscope and have observed a square wave, it is time to learn how 
to interpret waveforms, \r\ order to troubleshoot effectively, you must 
be able to deten^lde the voltage amplitude of a waveform present at a 
given point so that you can compare it to what you should have. 

You will be using the AN/USM-lAo oscilloscope during this lesson, 

so follow the correct procedures to energize the oscilloscope and let 

i t warm up. 

The shape of a waveform tells you sortiething about what Is going on 
in the circuit. With this oscilloscope you can make accurate peak-to- 
peak vol tage measurements , From your previous training, you should 
remember some characteristics of waveforms. For example, we know that 
example B has the greatest amplitude. 
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A wave has both a peak ampUtude 
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and a -^eak-to-peak amplitude. 
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The peak amplitude is mej^jred from the base line to the top of the posi- 
tive' peak or from the baseline to the bottom of the negative peak. 

The peak-to-peak amplitude is measured Just as its name implies; 
from the top of the positive peak to the bottom of the negative peak. 

What is the peak'-to-peak amplitude (in centimeters) of the waveform illus- 
trated below? 



1 



cm 



t3 

C:i2 
E ; 

I • '■ 
E 

R :: 
S::2 



^3 



When you are indicating peak-to-peak voltages^ always include the 
letters "p-p" after your answer. This will clarify and identify what 
type of voltage measurements you have made. 



Now you are going to use the oscilloscope: Follow the standard 
procedures for, obtaining a line trace. Connect and calibrate the 
10:1 ()tlO) probe, (tf you have difficulty in doing either of these, 
review Lesson IK If you are still having trouble^ see your Learning 
Supervisor,) 

Hold the 10:1 (XIO) probe to the calibrator circuit Volts Output jack 
and turn the Cal 1 brator control to the 20 position. 

With the Channel A Sensitivity control in the I volt per centimeter 
position^ you should have a square wave that measures 2 centimeters 
peak-to-peak* If not» check your control settings and then ask your 
Learning Supervisor for help if needed* 

Now you must learn Sow to calculate the amount of input voltage shown 
on the scope face. This is done by multiplying the peak-to-peak measure- 
ment in cejitjjneters by the sensitivJty setting and the probe attenuation 
value. 
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Example: Height (p'p) x Sensitivity x Probe attenuation = Voltage 
2 cm X 1 volt/cm x 10 = 20 v p-p 

This waveform is from an internal source with a known voltage, so you 
can check your calculation by reading the setting on the Cal i brator 
control. By setting the Cal ibrator control to 20, you selected a 20 
volt peak-to-peak output. 

Now we will use the AN/URM-25 Signal Generator as a "^ignal source so you 
can practice making voltage measurements with the 0*^0 I loscope/ 

The control set-up and connections are as follows; 

a. the Power switch - set it to OFF i 

b* the Meter Selector switch - set it to 1000 Hz 

c • the % Modulation control set it ful I y counterclockwi se 

" d, plug in the line cord and energize the signal generator 

e. using a double male BNC coaxial cable, patch from the Signal 
Generator Audio Out jack to the oscilloscope Channel A Input 
jack 

f* set the oscilloscope Channel A Input switch to AC_ 
g* set the Channel A Sensitivity control to 1 vo 1 1/ cm 
h, set Horizontal Display to XI^ 
i . set Sweep Time to 1 mi 1 1 i second/cm 

j. if the line trace Is not centered, vertically center it with 
the Vert ical Pos i t ion control 

k* on the signal generator, turn the % Modu lat ion control clockwise 
very slowly while observing the Meter , Set the output as 
indicated on the Meter to exactly 10^ modulation. 

You should now have a 1000 Hz sine wave on the oscilloscope CRT, 
(If you do not have this waveform on your oscilloscope CRT or if you 
do not have a line trace, follow the standard procedures for getting a 
tine trace, and repeat ste^.s a through k. 



129 



Karrat t ve 



Seventeen-I I I 



You are now ready to catculate the peak-to-peak voltage of the input 
signal. Use the Vertical Position control to set the bottom of the 
negatWe peak exactly on a major line and the Hor f zontal Pes ? t ion con- 
trot to position the top of a positive peak over the fine divisions 
in the center. 

Position your eyes level with the center of the CRT to avoid parallax 
and then determine the number of centimeters from the bottom of the 
negative peak to the top of the positive peal., 

2. What is the peak to peak amplitude? 

' cm volts p-p 



Kt - K7 cm, Kl - 1.7 volts p-p 

You are now ready to change the input voltage and practice reading 
and calculating voltages, 

a, set the % Modulation control to 20 

b» set the Channel A Sensitivity control to '_I0_ 

You should now have a waveform of very small amplitude on the oscillo- 
scope* 

3* What is the peak-to-peak vdltage of the waveform? 



3-^ vomits p-p 

You have Just read a voltage with a small amplitude to give you practice. 
When possible, you should use the t'trgest amplitude that stays on the 
graticule (CRT face) so that your reading will be mone accurate. To 
illustrate this, change the Channel A Sensitivity control to obtain the 
most accurate reading. 

What is the peak-to-peak voltage of the waveform? 



2*3 vol ts p^p 

5, To what position is the Channel A Sensitivity control set? 



1 volts/ 



cm 
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This completes the lesson on measuring p^ak-to-peak voltages with 
an osci 1 loscope. 

Following standard procedures secure the oscilloscope and signal 
generator. 



THIS- COMPLETES THE NARRATIVE F,OR LESSON HI MODULE SEVENTEEN. 
PROGRESS CHECK P.C. SEVENTEEN III IN THIS BOOKLET COVERS THE PER- 
FORMANCE OBJECTIVES FOR THIS LESSON. IF YOU WISH TO CHtCK YOUR 
KNOWLEDG*" .OF TH'S MATERIAL, YOU MAY TAKE THE PROGRESS CHECK MOW. 
IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS 
LESSON tS COVERED BY: 

SUMMARY AUDIOVISUALS 
PRACTICE SHEET 
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SUMMARY 
LESSOM I I I 

Signal Interpretnt ion 

In troubleshooting electronic equtprtcnt it is necessary to obtain 
voltage measurements and compare various Wfivcfornfi using an oscillo- 
scope. As a resijit it fs important that you acquire sufficient skill 
in effectively utilizing this testing device. 

An oscilloscope can display only peak-lo-pcak voltages.. In this 
lesson we wilt learn to interpret and calculate peak-to-peak voltage 
rkjasurcnients . 

* *^ 
Pcak-to-pe^k is defined as the distance 1 rom the top of the positive 

going portion of the waveform to the bottom of the negative goino por- 
tion of the waveform. In other vK)rds, it is the overall amplitude of 
a waveform. 

On the Ah/USM-lAo OscMlosT:ope the graticule (prid on the CRT face) 
is divided into centrnetcrs. If there is a waveform whose peak-to-pcak 
anplitude neasurets two of these spaces^ we can say the amplitude .is 
2 cm. llou we must convert centimeters to volts. The sensitivity 
control has ten positions, each indicating ^ certain number of volts per 
ccntineter. Another factor v/e must take into consideration is the 
attenuation f^ictor of the probc--sonc probes nay have an attenuation factor 
of 10:1 (XIO); that is, the voltage is attenuated, or divided, by )0. 
others may be a 1:1 (Xl); they provide no attenuation. There are three 
factors to consider when calculating voltage: (1) the peak-to-peak 
anplitude in centimeters, (2) the sensitivity setting, and (3) the 
arx)unt of probe attenuation. Assume we are viewing a waveform which 
has caused us to set up the oscilloscope in the following manner: 
cn peak-to-peak, sensitivity set on 2 v/cn and a probe attentuat ion of 
10:1. To obtain the peak**to-peak voltage we must multiply these fac- 
tors as shown: A cm x 2 v/cn x 10 = 80 v peak-to-peak. 

THIS COMPLETES THE SUMMARY FOR LESSON III HOOULE SEVENTEEN. 
,PROGRESS CHECK SEVENTEEN III IN THIS BOOKLET COVERS THE 
PERFORIIANCE OBJECTIVES FOR THIS LESSON. IF YOU FEEL THAT 
YOU NERO FURTHER STUOY BEFORE YOU 00 SO, THIS LESSON IS 
COVERED DY: 

NARRATIVE AU0I0VISUAL3 
PRACTICE SHEET ■ 
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PRACTICE SHEET 
USS0T4 HI 



' Peak-to-Peak Voltage Calculations 



Calculate the peak-to-peak voltages indicated by the drawings. 



1. 



SENSITIVITY = .1 volts/* 
PROBE =10:1 





ANSWER 




3- SENSITIVtTY = 5 voKs/ctn 

PROBE - )0:t 
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44H- 
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SENSITIVITY = 2 volts/cn 
PROBE =1;] 



AltSl'ER 



5. 



SEMStTIVITY = ,02 volts/cm 
PROeC = 10:1 
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ANSWER 



CHECK YOUR RESPONSES UITH THE ANSWER PROVIDED III THE BACK OF THIS 
BOOKLET. 
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PROCP^ESS CHECK 
LESSOn III 
Part 2 

1 Si opal I nterp rotation 

'In this test. you will calcu^^te the peak-to-peak voltage of 
various v/aveforns. You v/tll be required to set up and use the 
oscUloscope to nake yaur voltage calculations. Your answers nust be 
accurate Lo ± 5^, * 

Conpect the test probe to the dasignated test jack and calculate 
the peak-to-peak voU^.pe, 

^ Jack #1 . = 



Jack n 
Jack 
Jack f!t 



Jack- #5 



The use of correct procedures for securing the oscilloscope is 
also a part of this test. 

CHECK VOUR RESPONSES WITH THE ^ANSWERS PROVIDED III THE BACK OF 
THiS BOOKLET. WHEN YOUR RESPOHSES AGREE WITH THE ANSWERS, 
PROCEED TO LESSON IV. 

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS 

and procedures. if you still have a problem, see' your learning 
Wervisor. 
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AV RESPOIiSE SHEET , 
LESSOIJ 1 1 I 

Measuring Vol tage With An Oscilloscope 

1. What is the peak to peak anpl itude in centimeters? 

" Cm. 

2. What is the peak tu peak amplitude in centineters? 

• Cm* 

3* What is the peak to peak voltage of the waveform? 

: Vpp. 

What is the peak to peak voltage of the waveform? 

Vpp. 

5* What is the peak to peak volta^^e of the waveform? 

Vpp, 

6. To what position is the channel A sensit ivtty 'control set? 

Vol ts/Cent i meter 

The answers to this response sheet are provided in the back of this book. 
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PULL ond TAG the 

PLUG or CIRCUIT BREAKER 
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MODULE <'£VENTEEN 



rSSOM IV 



AUDIO FREQUENCY AHf^LIFIER ICO SIGNAL TRACING 



Overview Seventeen** IV 

OVERVIEW 
lESSON IV 

Audio Frequency Amplifier ICO Signal Tracing 
The primary purpose of this lesson is to: 

I4 Familiarize you with the functional operation (what it docs) 
of the Audio Anipliflor Section of the d^lS Training Oevfce, 

2. Teach the proper use of test equipment for signal tracing 
the audio amplifier section of the 6B25 Training Device* 

3, Teach the proper techniquos for component and/or test point 
location using a Mavy^type technical manual. 

To accomplish these objectives^ you will be introduced to some ''Paper 
Tools*" These tools include a flavy-type technical manual for the 6B25 
trciining Device^ severcil new electronic terms^ and block and schematic 
diagrams* 



BEFORK YOU STAflT THIS LESSON, PREVIEW THC LIST OF STUDY RESOURCES ON 
THE NF.XT PAGE, 



study Resources 
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LIST OF STUDY RESOURCES 
LESSOH IV 



Audio Frequency Amplifier ICO Sic|na1 Tracing 

The followinc^ natcrial is available for this lesson. You may choose, 
according to your needs and past experiences^ Trom: 

STUDY AKD.PROGnESS CHEC;; BOOKLET: 
Lesson Narrative 

Lesson Sufnnary . ^ 

Experineot EXP, St^vente#^,n- IV Ajdio Frequency Anplifier ICO Signal Tracino 

AUDIO/VISUAL: 

Static/flot lOn ' ''Audio Frequency Amplifier ICO Sic^nal Tracing** 

RLFERKNCE MATERIAL: ' 

6B25 Training Device Technical Manual 



iT IS HIQHLY 

RECOMMENDED THAT THE STATIC/MOTION PROGRAM 
BE VIEWED IN ORDER TO COMPLETE THIS LESSON. 



YOU MAY MOU STUDY AMY OH ALL OF THE RESOURCES LISTED ABOVE, 
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NARRATIVE 
LESSON IV 

Audio Frequency Anplifier ICO Sional Tracing 

\/hat is an audio frequency amplifier? Tirst, let's define the term audio 

frequency* Audio frequencies are those frequencies which can be detected 

(hoard) by the hunan ear. It has been determined by scientists that the 

human car is capable ot oetecting a ranpft of frequencies from 10 Hz to 

20,000 Hz, Therefore , mechan i cal wavefronts (sound) and electrical 

inpulses which are of a frequency between tO Hz and 20,000 Hz are called 
auflio frequencies* 

Now that you realize that an audio frequency is any frequency between 
10 Hz and 20,000 Hz, you must define the term ampi i f ler. In electronics, 
an amplifier is a device used to increase the strength of a signal* Electron 
tubes, trafisistors, and magnetic units are some of the components used as 
anp^Iifying devices. Basically, an amplifier transfers additional power to 
a signal from an external source. This increase in signal power is usually 
called gain. The power gain na^ be in voltage or current amplitude, and in 
many applications both may be increased. In any case, the signal applied 
to an amplifier will be increased in power. It should be noted that 
transformers are not amplifying devices. They are capable of increas" 
ing voltage amplitude with a consequent loss of Current amplitude, and vice 
versa, but disregarding circuit losses, the power out of a transformer re- 
fwiins the same the power applied. Now that yo(j understand the terms 
audio frequency and anplifier it, becomes only a matter of combining these 
tvfO terms to define an audio frequency amplifier. An audio frequency 
anplifier is a device which increases the strength or power of signals 
vfhich are in the auoio frequency range of 10 Hi to 20,000 Hz. 

Telephones, public address systems, record players, and tape recorders 
are some of the equipments which use audio frequency amplifiers. The 
6B25 tra in ing- device .al so uses audio frequency amplifiers in its AF 
(aud io frequency) ampl i f i er sect ion. The 6B25 system is subd iv ided into 
the fol lowi nq odd i t ional sect ions: the^ poi«;r supply sect ion , the rad io 
frequency (Rp) ampl i f i er/conver ter sec t ion, the interned i ate frequency 
(if) amplifier section. 



ftf AMPLIFIER 
CONVERTER 




IF AMPLIFIER 
DETECTOR 



AUDIO 
AMPLIFIER 



POWER 
SUPPLY 



1 



narrative v Seventeen- 

The AF amp I i f ier sect ion rer^ *vcs a very low ampi i tude audio 
si(]nal from the IF ampl p fie r/dc tec tor section and Jncreases 
the signal strength , (power) to a level sufficient to drive the 
head set. 




AUDIO SECTION 



15? 



narrative 



Seventeen- IV 



The AF anplifier section is divided into two parts called stages; 
the driver statje and the push-pull stage. 




PUSH/PULL 
STAGE 



AUDIO AMPLIFLIER SECTION 




TO HEADSET 



AUDIO SECTION 




U2 
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IJote that the two stages are divided at transformer T3, The prinary 
of T3 is the output of the driver stage and the secondary of T3 is the 
Input to the push-pull stage. The function of the driver stage is to 
increose the power of the small audio signal fron the IF amplifier/ 
detector section to a level that will drive the push-pull stage. The 
function of the push-pull stage is to take the amplified sicinat from 
the driver stage and increase its power to a level that will produce 
sound in a headset. Two stages are used to increase the input signols 
po\jer sufficiently. 

The signal enters the Af amplifier section printed circuit card at 
pin D of the connector. From there it is coupled through capacitor 
CI9 to transistor Q^, amplifies th^e signal and passes it to the prinary 
of transformer T3, The primary of T3^ which rs a voltage step-down 
transformer^ couples the signal to its secondary which splits the 
signal and passes It ->n to transistors Q5 and (i6. Although the signal 
is taking two different paths^ the signal and its conversion are ^ 
essent lal 1 y the same. Q5 and ^6 arppl i f y the si gnal and pass it to 
the primary of transformer where the two paths again unite. The 
primary of Jh^ which a voltage step-down transformer, couples the 
signal to its secondary and then on to the he/idset jack. The signal 
by this tine has the voltage and current amplitude necessary to drive 
the headset , 



THIS COMPLETES THE NARRATIVE FOR LESSOII IV MODULE SEVEMTEEfL 
EXPERIMENT EXP, SEVENTEEN IV IN THIS BOOKLET COVERS THE PERFORMAUCE 
OBJECTIVES FOR THIS LESSON, EXPERIMENTS ARE A PART OF THE LESSOII 
PROGRESS CHECKS V/HICH YOU MAY TAKE AT AMY TIME, \f YOU WISH TO 
CHECK YOUR KNOWLEDGE OF THIS MATERIAL YOU MAY TAKE THE EXPERIMENT N0\/ 
IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON 
IS COVERED BY: 

SUMMARY AUDIO-VtSUAL 
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SUMMARY 
LESSON IV 

Audio Frequenc^Amp I i f ier ICO Sinns! Tracing 

The 6625 audio frequency anptifier is a relati/ely sinpte device. It 
rciceivc^s an audio signal and amplifies it to a point where it wilt drive 
speaker or a headset producing sound. 

When reading the remainder of this Sijnnary, follow along on the 6625 
schenatlc (located on Figure 6-7 Ir the 6525 R^^Jio Receiver Technical 
Manua I } . 

The signal comes into the audio ampl ifleratTPlO, It is coupled 
throuyh to the 6asG of Q^, amplifies the signal which continues 

on through step-dovifn transforner T3» (The amplified signal can be seen 
dt TPI9,) The signal is coupled through T3 to the bases of both Q5 and 
Q6, (Q5 & Q& riake up a push-pull anplifi^^r,) The signal at TP20 and 
TP2t wilt be of the same waveform and amplitude because of the balanced 
conponents forming the push-pulK The amplified signals at TP22 & TP23 
also will be of the same waveform and amplitude. The end product (actual 
audio) can be seen at TP2^ after it is coupled through Jh, T^i is aJso a 
step -down transformer • 

MOTE : If you feel this brief summary is sufficient for you to 
troubloshoot the audio section, proceed to Lesson IV, 

THIS COHPLETES THE SUMMARY FOR LESSON IV MODULE SEVfliTECtJ . 
EXPERIMENT EXP, SEVENTEEN IV ttl THIS 600KLET COVERS TH*; 
PERFORMANCE OBJECTIVES FOR THIS LESSON, IF YOU WISH TO 
CHECK YOUR A6(LITY TO SIGNAL TRACE, YOU MAY DO THE EXPERI- 
MENT NOW, IF YOU FEEL THAT YOU NEED FURTHER STUDY 6EF0RE 
YOU DO SO, THIS LESSON IS COVERED 6Y: 

NARRATIVE AUDIO-VISUAL 
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EXPEftlMEUT 
LESSON IV 

Audio Frequency Ampl I fier ICO Signal Tracing 

Mater ia I s : 

Technical Manual 
6B25 Training Device System 
XI Probes (2 each) 
Signal Generator 
Osc i I loscope 

In order to observe the operation of the AF amplifier section, the 
functioning of each stage and of the primary components within these 
stages « you will use I CO ( input-conver si on-output ) s Ignal trac ing. ICO 
signai tracing requires the use of a signal generator which produces a 
known reference input signal and an oscilloscope which is used to 
observe the input an<} output signals* You will be able to ascertain 
the conversion function of the section, stage, or component by conparing 
the output waveform to the input waveform. 

Procedures 

K Using the standard procedures learned in previous lessons, set up the 
signal generator and the oscilloscope as follows: 

SIGNAL GENERATOR - 1 3 kHz 

CW 

10 mi 1 1 i vol ts 

OSCILLOSCOPE '0*02 volts/centimeter sensitivity 

0.1 mill! second/cent i meter sweep t ime 
Internal trigger. ; ^ 

Connect a Xt probe to the^'^RF output X MUli^T Jack on the signal 
g*fnerator* Connect a XI Tpfobe to the channel A Input jack on the 
os-cil loscope* Touch the two probe tips together to see if. you 
have a signal out of th^ signal generator. If the waveform display 
is not synchronized, adjust the oscilloscope Sweep Mode, Trigger 
Slope, and Sweep Time Vernier controls to stabilize the display. 
Disconnect the probe tips. 

2. Vou are nov; going to determine the function of the audio frequency 
anplifier section using the ICO method. 

a. On your radio, identify and locate the signal input to the 
Budio frequency (aF) amplifier section using the technical 
manual schematics and pictorials. 
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Connect the signal generator XI probe to the input of the 
AF amplifier section. Plug in the 6B25 radio receiver and 
turn its power switch ON* 

Place the Test/(tormal switch on the RF card to **Test*\ 

Connect the oscilloscope XI probe to the input of the 
AF amplifier section. Because t^a position of the 662S volune 
control has an effect on the anrount of signal » turn the volume 
control fully clockwise^ then carefully rotate the micro volt 
control on the signal generator until the signal displayed 
cn the oscilloscope just fills two small vertical divisions 
on the oscilloscope fac^ as illustrated below* 





























w 










































1 















This adjusrr^ient will set up a standard input amplitude that 
wi 1 1 not' ov**rdr rve the AF amp 1 i f ler sect ion. 

Note : The s i gnal gene rator settings^ volurie control pos it ion ^ 
and point of stgnal injection will remain the same 
throughout the remainder of this Job sheet* 

On the qrid below draw the waveform displayed on your 
osci I loscope .and calculate its peak-to-peak amplitude 
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TP l8 signal anpl itude v p-p 

Identify^and locate the AF amplifier section output with the 
aid of the technical manual schematics and pictorials* 

Refnove the oscilloscope probe from the AF amplifier section 
input and connect it to the AF amplifier section output* ft 
may be necessary to adjust the oscilloscope sensitivity 
control in order to get all of the signal displayed within the 
grid on the scope face, 

1.6:: 
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g* On the griw below^ draw the waveform displayed on your oscMlo* 
scope and calculate its peak^to-peak amplitude. 
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TP 2^ signal amplitude _v p*p 

Conpare the waveform shape of the output signal, to that of the 
inptJt signal*^ The shape should be the same** Now compare the 
ampllt'ude of the two signals* It should be read i I y apparent that 
the output signal has been preatly increased in amplitude as com- 
pared to the inpu t ^signal * 

3* You are now going to determine the function of each of the two stages 
within the AF amplifier section. 

a* The signal generator should still be connected to the input of 
the driver stage {TPI8) • In step 2 you have drawn and calculated 
the peak-to-peak amplitude of this input segnaK Using your tech- 
nical nanual, find the output of the driven* stage and connect your 
oscilloscope probe to it. On the grid beicv draw the waveform dis- 
played on your oscilloscope and calculate its peak-to-peak amplitude. 
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TPI9 sfgnal amplitude v p-p 



b* Conpare the shapes and amplitudes of the driver stage input (TPI8) 
and output (tPIS), The shape should be the same, but the amplitude 
of the signal should have increased through the driver stage. 
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Using the technic<il nanual find the inputs to the push-pull stage, 
notice that there arrt tvvo inputs and two signal flow paths which 
cor^bine In the outp tt. Bot^i paths are identical, so it will malce 
no difference which path you choose to trace. Connect the oscill- 
oscope probe to one of the inputs. On the grid below, draw the 
waveform displayed on your oscilloscope <-ind calculate its peak- 
to-peak ampi itude. 
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TP20 or TP2I signal ^smplitude v p-p 



d- The output of the push-pull stage is the same as the output of 
the AF amplifier section whict* fou measured and recorded in step 
2. Compare the shape and amplitude of this outpitt signal to the 
stage input. The same waveform shape with a increase in signal 
arnpIUude should be note^. 

Using the ICO signal tracing method, you have se^n the operation cf 
the AF <impl1fier section <ind the operation of each of the two ^ages 
within the section- Your last observations will show you the function 
of each individual component in the signal f^low path of the AF amplifier 
section. 

't, UsTng the ICO signal tracing method^ follow the si^?nal flow path through 
the Ar amplifier. '^^ the bl^anks and grids below as you proceed. 

Component C19 C19 OUTPUT WAVEFORM 















V 

f 








-KH 












-H-H- 




-I4ff 












44ff 


- \ 

- y 































CI9 output signal amp! itude ' v ^p-p. 

Output signal shape changed? YCS/NO (l^ VES, describe the change) 



Output signal amplitude changed? YES/tJO (if YES, deficribe the change) 



EXP. Seventeen-tV 
Component 

Output sic^nal shape Ciianged? YES/NO (if YESt describe the change) 



Output signal amplitude changed? Y*:S/NO (if YES* describe the change) 
Component T3 

Output sic^nal shape changed? YES/NO (if YES^ describe the change) 



Output signal amplitude changed? YES/HO (if YES, describe the change) 



Cofliponent Q5 or Q6 
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TP22 or TP23 signal amplitude v p-p 

Output signal shape changed? YES/HO (if YES^ describe the change) 



Output signal amplitude changed? YES/NO (if YES^ describe the change) 



Componen t 

Output s»;,ial shape changed? YES/flO (if.YES^ describe the change) 
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Output signal ampl i tude changed? YES/NO (if YES, describe the change) 



CHECK Your. RESPONSES WITH THE ANSWERS PkOVIDED IN THE BACK OF THIS 
BOOKLET. \/HEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO 
LESSON V. 

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETT'NGS 
AND PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING 
SUPERVISOR. 

"HIS COMPLETES THE EXPERIMENT FOR LESSON IV, MODULE SEVENTEEN. 
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AV RESPONSE SHEET 
LESSON IV 



Sic]nal Tracing The Audio Frequency Amplifier 

I, Draw the waveform displayed on the oscilloscope and calculate its 
anpl Itude : 
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2. Draw the waveForin at TP 2^ and calculate its amplitude. 
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Volts p-D 
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Draw the waveform at TPI9 and calculate the amplitude. 
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Oraw the waveform at TP20 or TP2I and calculate the amplitude. 
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volts p-p 



Draw rhe waveform at TP22 or TP23 and calculate tite amplitude. 
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CHECK YOUR RESPONSES WITH THE ANSWERS PROVIOED IN THE BACK OF THIS 
BOOKLET. 
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OVERVIEW 
LESSON V 

Troubleshooting an AF Amplifiei 

Now that you have learned how an Audio Frequency Amplifier basic- 
ally works^ it »s tiine to learn something about what to do if it doesn't 
work* Stated briefly, you are about to troubleshoot the Audio Frequency 
AmpI i f ier* 

The priif»ary purpose of this lessoi^. is to: 

(t) Provide a review of the basic troubleshooting techniques* 

(2) Provide actual in-circ\jit use of test equipment, 

(3) Locate and correct malfunctions in the Audio Frequency Ampli- 
fier of the 6B25 Training Oev^ce* 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THE NEXT PAGE* 



ERIC 
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LIST OF STUDY RESOURCES 
LESSON V 

Troubleshooting an AF Amplifier 

The following is a list of study resources for this lesson* You 
may refer to all or any of them according to your acquired knowledge 
anJ/or past 4xper lence; 

STUDY AND PROGRESS CHECK BOOKLET; 
Lesson Narrative 

Experiment EXP, Seventeen*V TrjDubl eshoot ing an AF Amplifier 

REFERENCE MATERIAL: ^ 
6B25 Radio Receiver Technical Manual 



YOU MAY NOU STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE, 
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NARRATIVE 
LESSON V 

Troubleshooting an AF Amplifier 

In this and the follojA/Ing modules you will be troubleshooting circuits 
containing transistors. Using an oscilloscope and a signal generator 
you can check the input and output of each stage of the 6B25 receiver 
until you find the defective stage. When you reach this point you will 
then have to measure voltages and resistances to find the faulty compo- 
nent in that stage. Generally, it is a good Idea to first measure 
voltages, rhen turn off the power; remove the circuit card, then check 
resistajices,/ 

You learned about basic components (resistors, capacitors, coils, and 
transformers). Windings usually read very low resistances (nearly 
short circuits). Trying to read the value of a resistor that is in 
parallel with a winding is nearly impossible, for the low coil resis- 
tance will bypass the DC from the ohmmeter, and the meter will Indicate 
a low value/ 




For much the same reason, checking resistance values of components 
connected to transistors requires special care. Two connections on a 
transistor act just like diodes--that is, they have high resistance to 
current flow in one direction and low resistance to current in the 
other di-^ection. To keep these low resistances from leading you astray, 
always check a suspicious resistance reading by reversing the meter 
probes. If, for example, you think you have found a shorted resistor 
connected to a transistor, reverse the meter prof^es and try again. If 
the reading is then normal, a transfstor probably caused the ffrst 
read ing to be wrong. 

To check the transistor Itself with an ohmmeter yoN must also check 
readings for both directions of current flow. Looking at a transistor 



from the top like this ^!^f the readings between leads 1 and 

3 should be high v/ith the meter probes connected one way and low when 
they are reversed. , 
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NOTE: Use the RxlOO scale for making th^^se readings. You should get 
the sane kind of readings between points 2 and 3- Most transistors 
will read a fairly hfgh resistance both ways between leads I and 2* 

On the followinfj pages you will find a logical flow diagram for trouble- 
shooting the Audio Amplifier section of your radio. You will be required 
to use a signal generator, an oscilloscope, troubleshooting techniques, 
a Technical ftanual , and the knowledge you have gained concerning the audio 
section of your receiver. Then you will actually locate a faulty component 
within the aud io amp I i f ier , You. will be g i ven two problems to work on . 
While working with each board and the flow diagram you may refer back to 
any and a]\ -learning material for comparison or evaluation. 



INSTRUCTIONS FOR FLOW DIAGRAM USE: 



1* Locate the start symbol in the upper left hand corner of the next 
page . 



c 



2* Follow the line from the start symbol to the first Instruction 
bl ock . 



3* A block shaped like this 




requires that you make a YES or 



NO decision. If the signcil is good, your decisions is yts. If 

the signal Is bad or not present the decision is no. Follow the line 

that is labeled the same as the decision you have made. 



A block shaped I i ke thi 



i5<__]>indi 



cates the conclusion ycu 



should have drawn from the obssrvations you have made. 



5* A circle with a letter Inside; requires you to go back to where that 
letter first appears and start again. This s to ascertain that 
there are no additional malfunction^,. ^o Mow from the start symbol 
to the stop symbol with all decision Dloci^.? .inswered yes^ indicates 
the section is working properly. Examine the troubleshooting flow 
diagram on the next page. 



FRIG 
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THIS COMPLETES THE NARRATI\/E FOR LESSOH V, MODULE SEVENTEEN 
EXPERIhEttT EXP. SEVENTEEH-V IN THIS BOOKLET COVERS THE PERFORMANCE 
OBJECTIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE 
LESSON PROGRESS. CHECKS WHICH YOU HAY TAKE AT ANY TIME. IF 
YOU WISH to CHECK YOUR KNOWLEOGE OF THIS MATERIAL, YOU HAY 
DO THE EXPERIMENT N0V7. 
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EXP, 

EXPEaiHENT 
LESSON V 

Troubleshooting an AF Amplifier 

Up to this point you have learned: 

(1) the correct procedures for soldering* 

(2) the correct procedures for setting up and adjusting the signal 
generator* 

(3) the correct procc^'^^es for setting up and adjusting the oscill- 
oscope » 

(4) the basi s of logica 1 troubl e shoot mg, 

mf^U A 6B25 TRAINING DEVICE AND GO TO A LAB CARREL. 

The purpose of this job sheet is to use all the informatroxr and skills 
you have learncX} to actually troubleshoot a<Td repair an electronic cir- 
cu i t assenbl y. 

The 6B25 is a delicate piece of equipment and is subject to damage uri" 
less the following rules are followed; 

(1) NEVER remove or insert any of the printed circuit cards unless 
you are told to do so* 

(2) Always make ^ure your radio is turned off when removing or in- 
serting printed circuit cards, 

(3) When inserting a printed circuit card, always iasure It has 
been inserted into the proper receptacle and the pins of the 
printed circuit card are properly aligned with the plug, 

. I OSTRUCTIONS : To complete this experiment, you must find the mal- 
function(s) in your 6b25, You will need all of the information you 
have studied so far in this course. Starting with Step One, work 
methodically through the experiment, carefully completing each step 
before you go to the next. In several of the steps you will have to 
draw concl us ions or make decisions. When this happens, follov; the 
instructions that correspond to the conclusions you drev^, GO to STEP 
ONE, 

I, Turn on the 6B25 and manipulate the station selector and volume 
control. Is the radio working properly? If not, go to yr^i Learning 
Supervisor and tell him your radio is not working. If it is working 
prov*erly go to Step Two< 
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2. Turn on your signal generator and oscHtoscope observing all safety 
precautions. Set them up to the following specifications: 

SIGNAL GENERATOR 

Frequency Band Switch set to 10-30 kHz 
Frequency Vernier Dial set to 13 kHz 
Meter Selector set to CW 

% Modulation Control set fully counter-c lorkw i se 
Carrier Range Switch set to 10-300 kHz X-MULT 
RF Multiplier switch set to XlOK 

Microvolts Control set to I on the top scale of the Meter 

OSCILLOSCOPE 

Sensitivity set to ,02 v/cm 
Sweep Time set to ,1 mi M (seconds/cm 
Horizontal Oisplay set to XI 
Trfgger Source set to iHJ 

After your signal generator and oscilloscope have been set up, turn 
off your radio and" remove the AF amplifier printed c'rcuit card. Take 
the printed circuit card to your Learning Supervisor and exch ge it for 
a pre-faulted printed circuit card. Connt^ct an XI probe lo the RF OUTPUT 
X-MULT jack on the signal generator and another XI probe to the CHANNEL 
A INPUT jack of the oscilloscope. Touch the signal generator and oscil- 
loscope probes together to ensure that you have the correct signal out of 
your signal generator. If the waveform is not synchronized adjust the osc i I 
loscope Sweep Mode, Trigger Slope^ and Sweep Time Vernier controls to 
stabilize the display. If your test equipment is not \^rking properly 
see your Learning Supervisor, If yQur test equipment is working properly^ 
disconnect the probe tips* Go to Step Three* 



3, Insert the AF amplifier section pre-faulted printed circuit card you 
received from the Learning Supervisor into the radio and turn it on, 
Matiipulate the station selector and volume control. Is the radio working 
properly? If so, go to your Learning Supervisor and tell htm* if not/ 
go to Step Four* 



A* Turn off the radio and remove the RF Amplifier printed circuit card. 
This is done to prevent signals from going to the AF section a^^d inter*- 
fering with the known signals you are going to inject with your signal 
generate"* After the RF seccion printed circuit card has been removed, 
turn on /our radio* Go to Step Five, 
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5* Refer to "he schematic diagram (Figure 6*7) your technical nanual 
and locate test point TPI8 (the input to the section printed circuit 
card). Connect the signal generator probe to this point. Turn the volume 
control on the radio fully clockwise. Go to Step Six. 



6, Refer to the schematic diagram (rig*ure 6-7) c»nd"Iocate test point 
TP2^. Now locate it on your radio. Connect the oscilloscope probe to 
TP2^. Is the correct signal present at test point TP2^? If the correct 
signal is present at test point TP2^, re-check yowr work. If you have 
folldwed instructions properly ond sliU have the correct signal present 
at test point TP2^, go tc your Leerfiing Supervisor, If the correct signal 
is not present go to Step Sevfen. 



7, Change the oscilloscope sensitWity to .5 volts/cm. Refer to Figure 6-7 
and locate test point TPI9- If the correct signal is present at test point 
TPI9 go to Step Eig^ht. If the correct signal is not present at test pornt 
TPI9 go to Step Ten. 



8, Change the oscilloscope sensitivity to 2 volts/cm. Vou have established 
that the signal at test point TPI9 is correct. You have, therefore, 
isolated the faul ty sta ge. There is no correct signal at test point TPlk 
and there is a correct signal at test point TPI9* The faulty component 
must be between these two points (the push-pull stage). Locate test point 
TP22 or TP23 in the radio and connect the oscilloscope probe to either one. 
Is the correct signal present at this test point? A correct signal at this 
point means that transformer T^» rs the f-^ul ty component. If T^* is the 
faulty component go to Step Eleven* if the signal at the test Point you 
have selected is not the correct signal, 00 to Step Nine. 



/ 
/ 



162 



EXP. 



Seventcerr^V 



9* Change the oscilloscope sensitivity to .2 volts/cm. Locate test 
point TP20 or TP2I in your radio. Connect the oscilloscope probe to either 
one. Is the correct signal present at this point? If the signal is cor- 
rect transistor Q5 or Q6 is the faulty component. If the signal is 
not correct and the signal at test point TPI9 is correct, tranformer T3 is 
the faulty component. Go to Step Fleven, 



10, Change the oscilloscope s-^nsitivity to ,02 volts/cm. There is no 
correct signal at test point rPl9; therefore, the problem is in the 
driver stage of the Amplifier, Locate the lead that connects the positive 
end of C19 to RI3» Connect the oscilloscope probe to this lead. Is the 
correct signal present at this point? If you have the con ect signal at 
this poiat, transistor is the faulty c:.mponent. If the correct signal 
is not present at this test point C19 is the faulty component. Go to Step 
E leven* 



II* You have now located the faulty component. Turn off the radio. You 
must now determine if the failed component has opened or shorted. Remove 
the pre-faulted board to isolate any external parallel OC current paths 
which night give you an erroneous reading. Using your multimeter, deternine 
if the bad component is open or shorted, Mark your r^^sponse below. 

Which component Is bad? 



What is wrong with the component? 
OPEN SHORT 



TAKE THE PRE-FAULTEO PRINTED CIRCUIT CARD AND THIS EXPERIMENT TO YOUR 
LEARNING SUPERVISOR* HE WILL CHECK YOUR ANSWERS AND ISSUE YOU A PRAC- 
TICE SOLDERING BOARD AND COMPONENT, 
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12+ The last step in the troubleshooting procedure is replacing the faulty 
conponent* Take the practice bolderinc; board and component issued to you 
by your Learning Supervisor to the soldering station. On the practice 
soldering board select a component similar to the failed component. 
According to the procedures you learned previously, remove the component 
you selected and replace it with the component issued to you by che 
Learning Supervisor* Check your soldering with the check list below* 

STUDENT L/S 
CHECK CHECK 



1+ Ho cold solder connections* 



2* No excessive solder on connections* 



3. Properly bent and clipped leads* 



^* No rosin res idue* 



5+ Mo lifted pads or foils* 



6. No cracked solder connections* 



7* Good electrical characteristics of component 
(i*e,, diodes not shorted or open, resistors 
of indicated value, etc. ) 



Soldering Satisfactory: 

tL/S Signature) 



TAKE YOUR "REPAIRED" PC CARD TO THE LEARNING SUPERVISOR TOR HIS INSPEC- 
TION. 

YOU HMl NOW COMPLETED THIS MODULE* THE PERFORMANCE TEST WILL REQUIRE 
THE SAME SKILLS AS THIS EXPERIMENT* IF YOU FEEL THAT THE RESULTS OF 
THIS EXPERIMENT INDICATE THAT YOU ARE READY TO TAKE THE END OF HOl^ULE 
PERFORtlANCE TEST» SEE YOUR LEARNING SUPERVISOR* IF YOU FEEL YOU NEED 
FURTHER STUDY BEFORE TAKING THE PERFORMANCE TEST, YOU HAY REVIEW ANY 
PART OF THIS MODULE* 
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c;erview 
module eighteen 

Basic Troubl e jnoot i ng : Radio Frequency and 
Intermediate Frequency Amplifier 

This module is designed to introduce you to the functions of basic 
intermediate frequency and radio frequency amplifiers and their 
<3ppIication within a superheterodyne receiver. You will also be 
required to troubleshoot these sections in the 6B25 Training Device, 
To troubl eshoot and understand the functions of these sections, 
you must apply the electronic theory you learned In the first 
seventeen nodules. You wi 11 also use soldering techniques and the skills 
acquired in the use of test equipment such as the oscilloscope, signal 
generator, and mulL^neter* This module has been divided into tv/o lessons 

Lesson I Radio Frequency and Intermediate Frequency 

AmpI ifler ICO Signal Tracing 

' Lesson 1 I Troubl e shoot ing an 1 F AmpI if ler and an r F AmpI i f ier 



^ 
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RADIO FREQUENCY AND INTERMEDIATE FREQUENCY 
AMPLIFIER ICO SIGNAL TRACING 
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OVfRVtEW 
LESSON I 

Radio Frequency and tntermediate Frequency 
Amplifier ICO Signal Tracing 

f^ow that you have learned how to use the signal generator and the 
oscilloscope as effective tools in troubleshooting, you will use 
these tools once again to help you become a more effective tech" 
n ic ian* 

(n this lesson you will learn to utilize the LC*0, (input-conversion- 
output) concept to isolate the inal f unct ion of circuitry in both the 
R.F* and !*F, sections of the 6B25* You will be required to ob*;erve 
a waveform at a given test point (input) > compare ihis to another 
^,„l.^st poin>-j(output) , and determine whether or noc the output signal 
y \ scSrTect J 




BEFORC YOU START THtS LESSON, PREVIEW THE LIST OF ST'J^/ RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON I 

Kadio Frequency and Intermed i;ite Frequency 
Amplifier 3C0 Signal Tracing 

To learn the nidterial in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following; 

STUDY AND PROGRESS CHECK BOOKLET: 

Lesson Narrative 
Lesson Summary 

Experiment EXP, Eighteen-l Radio Frequency and Intermediate Frequency 

Amplifier ICU Signal Tracing 

REFERENCE MATERIAL: 

6B25 Training Device Technical Manual 



YOU MAY NOV/ STUDY ANY OR ALL OF THE RESOURCES ^ I5TED ABOVE, VOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME, 
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NARRATfVE 
LESSON I 

Radio Frequency and Intermediate Frequency 
Amplifier ICO Signal Tracing 




AH radio and television stations transmit (broadcast) their programs 
in the form of electromagnetic waves, c<jlled RF (Radio Frequency) waves* 
This RF energy moves from the transmitting antenna through the air to 
the antenna of a receiver; in this case, the 6B25* These electro-magnetic 
waves Induce a small alternating current into the antenna circuit. This 
lesson will give you an idea of what htppen* to the received signal on its 
way through the receiver to t^ j audio section* 

A major function of th^ '^^ r/jp u f ler/ConverLer Section is to amplify 
the received signal ar ^.ert It to an IF (Intermediate Frequency) 
signal. This conversK ngs the frequency down to a lower frequency 
that is eosier to amplify the needed signal voltage. 

The RF Amplifier stage produces the ^'Irst amplification of the received 
signal. The RF stage Increases the voltage or power of the received 
signal* This Is necessary to make the signal large enough to be useful 
and to compensate for any losses that might take place In the next stage. 

Now let's take a more detailed look at the RF amplifier stoje* Ouring 
this explanati n we wl 1 1 only be concerned with those components In the 
rnain signal flow path. 
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TO CONVERTER 



RF AMP 



The SiHall induced signal on the antenna is developed across inductor LI 
and fed to capacitor C3. It is then coupled across capacitor C3 without any 
change to the base of the RF amplifier transistor. The transistor greatly 
increa'jes this small signal's amplitude to a size that is easier to work 
with electronically. The amplified RF signal is fed out of the transistor, 
and passed through an inductor (transformer) becoming the input to the 
converter stage. 

The signal, afte'' leaving the RF Amplifier stage, goes directly to the 
Converter Stage. This stage is so na.ned because it changes or converts 
the incoming frequency to the frequency that is going to be used by 
the next stage - the IF AmpMfier stage. The c nverter stege has two major 
functions* First, it take« the Radio Frequeaic from the RF Amplifier and 
combines this with a frequency of its own to roduce four frequencies. The 
SUFI of the two frequencies, the difference between the two frequencies, and 
the original two frequencies. Or»ly the difference frequency iA55 kHz) leaves 
the converter stage; the remaining three frequencies are eliminated. Second, 
the conv?rter stage further amplifies this IF frequency. 



Again let's take a dfitailed look at the main signal ftow path. 




The RF sigfial on the secondary of the inductor (transformer) is fed to the 
converter transistor. This transistor combines (mixes) c^e input RF signal 
with another Internally generated frequency and produces tour amplified 
output frequencies. These four signals are fed from the transistor through 
a resistor, with a small decrease in amplitude. The four signals pass on to 
the primary of transformer Tl. This transformer is designed to pass only 
the IF frequency signal {^55 kHz difference frequency), thus eliminating 
the other three frequencies. The* IF signal is coupled ,from the primary to 
the secondary of Tl and on to the IF amplifier stage. 
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The intermediate frequency i»!>5 kHz goes Into the IF ;impl i f ier; the 
function of thi<; amplifier is to produce hlgji gain and incrtiase selec 
tivity* Let's eliminate all possible confusion and define the terns 
ga i n and se I ect i v it y . 

K Gain is an increase in signal power. 

2. Selectivity is the abil*ty of a receiver to separate one 
desired signal from all other frequencies. 

The amplified signal from the JF amplifier stage continues ico the 
detector* The detector's function Is to rerxjve the carrier wave 
(the high frequency used fcr transmission) so that the remaining in** 
telilgence (the audio signal) can be amplifitid. 

The audio signal derived by the action of the detector diode passes 
Into the audio amplifier section where it will be amplified again. The 
amplifted audio signal is applied across the speaker or headset to 
be heard as sound* 




The detailed main signal flow path for this section starts at the secondary 
of T] and is passed on to the IF amplifier transistor. The kSS kHz IF 
siqnal is greatly amplified by this transistor. This ai^^p'Iified output 
is passed on to the primary of another transformer. The IF signal is 
coupled from primary to secondary and or to the diode detector. The diode 
detector removes the IF frequency and p^^ses only the audio Int e 1 1 i <)ence 
through resistor R 1 1 to the volume puterit lometer of the audio amplifier 
sect icn. 



In sunmary, we have taken a very small FtF s inal and Increased i*:s 
anpllt'ide in the RF amplifier stage and th^^n reduced the frequency to an 
IF frequency of kSS kl'j and again amplified It In tiie converter stage. 
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The signal is again amplified in the IF amplifier stage, then the auaio 
intelligence is removed b/ thi deteotor stage and pasbi,d on to the audio 
amplifier section that you have just studied. 



THIS COMPLETES THE NARRATIVE FOR LESSON I, MODULE EIGHTEEH. 

EXPERIMENT EXP. EIGHTEEN I IN THIS BOOKLET COVERS THE PERFORMANCE OB- 
JECTIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE LESiON PROGRESS 
CHECKS WHICH YOU HAY TAKE AT ANY TIME. IF YOU WISH TO TEST YOUR ABILITY 
TO MEET THESE OBJECTIVES, YOU MAY DO THE EXPERIMENT NOW. IF YOU FEEL 
THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON IS COVERED BY: 

SUMMARY 



172a 



Sunmary 



E ignteen-^ ! 



SUMMARY 
LESSON I 

KadiQ Frequency and >ntermediate Frequency 
Amplifier ICO Signal Tracing 

In this lesson you will learn how to utilize the ICO concept to trace 
the signal through the RF/Converter section and the IF/Detector section* 
To do this, a given s*gnal ^;fll be injected int:> the antenna section, 
and an oscilloscope will be used to *Hook** at the signal at test points 
along the signal flow path* 

The function of the RF/Converter is to ampUfy the received signal and 
convert it to an I F- { intermed ia te f equency)* You will be able to 
actually see the amplification and the conversion using the oscillo- 
scope* 

The function of tne IF/Detector Section is to provide high gain and 
selectivity in addition to extracting the intelligence (audio) from 
the HKJdulated carrier (transmitted high frequency) wave* This ampli- 
fication and detection can be clearly seen with the oscilloscope. 

THIS COMPLETES THE SUMMARY FOR LESSON I, MODULE EIGHTEEN. 

EXPERIMENT EXP* EIGHTEEN I IN THIS BOOKLET COVERS THE PERFORMANCE OBJEC- 
TIVES FOR THIS LESSON, EXPERIMENTS ARE A PART OF THE LESSON PROGRESS 
CHECKS WHICH YOU MAY TAKE AT ANY TIME* IF YOU WISH TO CHECK YOUR ABILI- 
TY TO MEET THESE^BJECTIVES NOW, YOU MAY DO THE EXPER iMENTStw IF YOU FEEL 
THAT YOU NEED FURTHER STUDY BEFORE YOU DOSO, THIS LESSON tS COVERED BY: 

NARRATIVE 
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EXPERIMENT 
LESSON I 

Radio Frequency and Intermediate Frequency 
Afnplifier ICQ Signal Tracing 

In this Experiment, you will use the iCO concept to study and compare 
inputs with outputs at different points in both the RF Amplifier/Converter 
and IF Ampl i f ier/0etect6r Sections of the 6B25 radio receiver. 

K Using the schematic diagram (Figure 6-7) in Ipur technical manual and 
the block diagram below, list the pr im^^fc^LcomponS^ts {in sequence) of the 
main signal path. ^\ 



Y 

TT 



C3 



Tl 



Rn 



r\j TO 
-* AUDIO 
AMR 



Energize the Signal Generator and OscMloscope so that they w'l ) I be 
warmed up and stable by t^e time you are ready to use them. 



AT VARIOUS INTERVALS IN THIS EXPERIMENT, ¥0U WILL BE REQUIRED TO DRAW THE 
WAVEFORMS YOU HAVE OBSERVED AT A TEST POIKT AND YOU MAY BE REQUIRED TO 
IJjTERPaET vblTAGE MEASUREHENts. PLACE THESE RESPONSES IN THE SPACES 
PROVIDED IN THIS BOOK. 



Set up the test equipment with the controls in the indicated positions 



SIGNAL GENERATOR 



Frequency • 
Output - 
Modu lation 



1.0 MHz 
itOOO u volts 
- 30% at 1000 Hz 



(NOTE; Follotv standard procedures to set carrier to 10, then re-adjust' the 
Microvolts Control to Adjust for desired modulation by placing th,e Meter 
Selector switch into the 100(h* position and adjusting the Audio Out control 
clockwise (CW) until the meter reads 30^ on the bottom scale. ) 

RF Multiplier - XIK 

Probe - 1:1 BNC to BNC Cable 
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OSCILLOSCOPE 

(Note: Obtain a line t^ce before setting the Controls) 
\ 

SETTINGS : 

Seftsitivity - ,02 v/cm 
*'»eepTime - 2 mi 1 I i sec/cm 
Trigger Source - INT 
Probe - IX 



As in all previous lesscSns you have studied^ a signal has to be inserted 
to enable you to see what a circuit is doing> This time the signal will 
be injected into a 9NC connector located next to the cintenna. 




Checkout the test equipment by connecting t*Te oscilloscope input to 
the signal generator output (RF OUT) to insure that each is operating 
properly. After checking tne test equipment^ disconnect the oscillo- 
scope from the signcil generator- Connect the 6riC to BNC cable from 
the iignal generatcr Rf Output X-Hul t to the radio antenna input. Con- 
nect the (Ix) probe to the Channel A input terminal on the osci 1 loscopen 

when the test equipment is set up you niay continue- 



Make sure that the 6B25 is de-energ i Eed . 




EXP* Eighteen-I 

Connect the oscilloscope probe (iX) to TP 8 and adjust the tuning 
control on the 6B25 to obtain maximum ampi i tude. (Set sensitivity 
of the oscilloscope to .02 v/cm, ) 

Tht s step insures tha t the recei ver i s tuned to the frequency be rng 
injected by the signal generator. 

The waveform should approximate the signal shown below. 
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Check the local oscillator disable switch (S2), located on the 
RF amplifier/converter PC card, and ensure that it is in the 
TEST ix)sition. (in the TEST position, this switch will disable 
the local oscillaltor so that you will be able to see more clearly 
thp signals in the front end of the receiver (capacitor C3j tran- 
sistor Ql , and transformer L2),) 

Energ i ze the 6B25 rece i ver . 

The waveforms you find may not look exact 1 y like thost in the book. 
Tlie main objective is to calculate the differences in voltage at 
various test points and to understand these differences. 

For clarity of the signal presentation on the oscilloscope face, it may 
be necessary to fine tune the radio. Hove the station selector slightly 
to the right or left to get the clearest possible signal on the oscillo- 
scope. 



2. 



Draw the observed waveform and indicate the signal amplitude* 
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The amount of voltage will vary slightly depending on your receiver, 
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3. Now, disconnect the oscilloscope probe and connect it to TPS. 
Draw the Mdveform and indicate the signal amplitude. Compare the 
waveform at TP8 to TPg. 

Note: At different steps you may have tc decrease or increase the 
oscilloscope sensitivity setting to measure the voltage. 
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The amount of voltage may vary somewhat. 

As you have noticed, the transistor's function \s to ampHfy. 

How place your oscilloscope probe on tost point iO. Draw the 
observed waveform and indicate the voltage. Compare the waveform 
at TP9 to the ^vaveform at TPIO. 
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The amount of voltage may vary somewhat. 

As you have notice^ the voltage has decreased from one side of the 
transformer to the other. This is a voltage step-dowi) transformer. 
Since transistors are current devices, a voltage step-down^ transfor- 
mer, ot in other words a current step-up transformer as indicated by 
the formula 

Es _l£ 
. Ep ^ Is 



is used for inter-stage coupling. 
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5* Connect the oscilloscope probe to TPIK Place the local oscillator 
disable sv^itch (S2) in the NORMAL posit ion\ ^Braw the waveform aod 
indicate the voltage amplitude. Compare the waveforms at TPiO and 
TPl I * The waveform you will see Is a combination of four separate 
f requenc i es* 

a* The original frequency coming from the RF stage* 

b* The frequency generated in the tank circuit (L3f CI'* and CI2). 

c. The sum frequency which is produced by the addition of the 
original frequency, and the frequency generated jn the t^nk 
circuit* 

d. The difference frequency which is proceed by the subtraction 
of the original frequency from the frequency generated in the 
tank* 



— 














































■H+f 




-H+l- 


+f 


+t 


i-M-l- 




















- 













The amount of voltage will vary* 

6, Now move the oscilloscope probe to TPI2, Draw the waveform and 
calculate the voJtag^ amplitude* Compare the waveforms at TPII and 
TP12, 
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The amount of voltage will vary* 
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7, Note the decreased amplitude» This is d»je to R6*s action as a current 
liniter* l-ron the converter, the signal goos to the tsnK circuit Tt* 
Nov; place the probe on TPI3* Draw the observed waveform and calculate 
the voltage. Compare the waveforjn at TPi2 to the TPI3 waveforni. Notice 
the absence of multiple signals. They have beon removed by Tl , which 
is actino to block all frequencies except ^55 kHz* This frequency will 
be the only one to pass through TI and into the IF stage, ^SS kHz is 
the intermediate f requency* 
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The amount of voltage will vary* 

8, Now move the probe to TP Draw the observed waveforjn and cal- 

culate the voltage amplitude. Compare the waveforms at TP13 and TPU* 
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The amount of voltage will vary. 
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9- Now connect the oscilloscope probe to TPl6* Draw the observed 
waveform and calculate the voltage amplitude. 
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The anwunt of voltage will vary. 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET. IF YOUR RESPONSES DIFFER FROM THOSE GIVtN, RECHECK YOUR 
SETTINGS AND PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR 
LEARNING SUPERVISOR. 

WHEN YOUR RESPONSES AOREE WITH THE ANSWERS, PROCEED TO LESSON 
EIGHTEEN If. . 
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TROUBLESHOOTING AN IF AND RF AMPLIFIER 
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. OVERVIEW 
LESSON II 

Trqubl eshoot inc) an IF and RF Amplifier 
Usinci ICO Concepts 

In this lesson you will sludy and learn about the follov^ing; 

-tCO concepts on ^ system leveK, , 
-Half-splitting methods* 

7ysin5 a signal generator for signal injection* 
-Using ari' osc i 1 loscope for signal trac-fng* , 



BEFORE YOU START THISLESSON» PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON II' 

Troubleshooting an IT and Amplifier 
Us ing IC^ Concepts 

To tearn the material in this lesson^ you have the option of choosintf^ 
according to your experience and preferences^ any or all of the 
fol lowing: 

STUDY AND 1>R0GIt6SS CHECK BOOKLET: 

Lesson Narrative 
.Lesson Su^jf^ry 

Experiment EXP* Eighteen-ll "Troubleshooting an IF and RF Amplifiers 

using ICO concepts" 

REFERENCE MTERIAL: 

6B25 Technical Hajuial 



YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. 
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MARRATIVE . 
LESSON I I 

Troubleshooting an IF and RF Amplifier 

Using fCO Concepts ^ 

In this lesson, you Wi" H find material designed to take you through 
0 logical sequence of act-ions to locate a faulty compont^nt in the ^ 
RF/Converter or/-the IF/Detectot>^sections of the 6B^5, These in- 
structions are similar to the Module Seventeen instructions, but they 
are not as detailed. This is to enable you to become more proficient 
in usfng the knowledge and techniques presented" in previous lessons. 
While troubleshooting, you must never assume anything! Base your 
answers only on ^he observations you actually make. 

Now, energize the 6B25 and ensure the receivtir is working properly. 
If the receiver is not working properly, inform your Learning Super- 
visor. Next, de-energize the r^dio and remove the RF/Converter section 
and IF/Detector sectfon printed circuit cards and take them to your 
Learning Supervisor, At this tine you wilt receive one RF/Converter 
printed circuit and one IF/Detector printed circuit clard^ one of which 
is prefaulted. Following standard procedures, insert the cards into 
the rece iver. 

Now we come to the actual troubeshooting. Since we have the possi- 
bility of the trouble berng in either of two cards, the best method 
for logical troubleshooting is "half-splitting.** To do this, we first 
have to ascertain there actually is a trouble by checking the output 
of the IF/Detector section. If there is no signal or an abnormal 
signal at this point, we can logically deduce that the trouble lies 
sonewhere between the po^nt at which we injected a test signal and the 
point at which we are observing the signal. (Look at the block diagram 
, be low. ) 




The next logical step is to split the cfrcuftry in half * how about at 
TPt2? Is the signal there normal or abn-^rmal? If the signal is normal 
we have logically eliminated the RF Amplifier/Converter section. If . 
the signal is abnormal, we have logically eliminated the IF Amplifier/ 
Detector, 
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Assupe that the signal at TPI2 is abnormal . To continue ^>rith the half- 
spUtting method, look at the block diagram below and divide the 
Amplifier/Converter *iection into parts. 



TO 
jAUOlO 




L — I ! AMP. 



Let's try TP-IO. If the signal is normal, we can logically eliminate 
Ql , L2, and C3. If the signal is abnormal, we can eliminate Q2 and r6. 
Are you catching on to half-splitting? Let's troubleshoot a hypo- 
thetical problem to g(ve you a better understanding of halfsfp^Titt ing. 

First we check the output (TPI7) to ensure there is a oroblem. Using 
the oscilloscope we find there is no output. Hext, go to TP-12 to 
eliminate one half of the circuitry. Here there Is a rori^^dl, dis- 
cernobte signot , so we can e! Imina te all of the RF Amr I i f ier/Conver ter . 
V/e now go to TP-15 and we find an abnormal signal (no signal), so ,we 
know the trouble lies somewhere between TP12 and TPI5*/0ne logical 

nn&ve is to test at TPlA, so let's try that Hey, we've got a normal 

signal! Look at your schematic (figure 6-? in the Technical Manual), 
Now we have isolated the trouble to a block; the only thing between 
TPlA and TPI5 is the transformer 1-2. "Ihls isolates the trouble down 
to a component, and the next thing to do is to determine what is wrong 
with it. Is it open, shorted, or is tKe grouVi^ removed? 

A multimeter is used to make the final diagnosis. Using the multimeter 
we find transformer T-2 primary to be open. See, that wasn't so hard, 
because we used a logical troubleshooting miethod. 

NOW YOU WILL BE REQUIRED TO LOGICALLY TROUBLESHOOT A PRE-FAULTEO 
CARD. FOLLOW THE IMSTRUCTIOMS |M EXPERIMENT EXP. EIGHTEEN-M IN THIS 
BOOKLET, 

/ 

YOU HAVE NOW COMPLETED THIS MODULE. IF YOU FEEL THAT YOUR PROGRESS 
CHECK RESULTS INDICATE THAT YOU ARE READY TO TAKE THE END OF MODULE 
TESTS» SEE YOUR LfAKNING SUPERVISOR, IF YOU FEEL YOU NEED FURTHER 
STUDY BEFOJtE TAKING THE END OF MODULE tESTS, YOU MAY REVIEW ANY PART 
OF THIS MODULE, 
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SUMMARY 
LESSON II 



Troubleshooting an tf and Rf Amplifier 
Using ICO Concepts 



In this lesson, half-splitting is shown to be an impctant mainstay 
ia the^art of troubleshooti Using the ICO concept, a test at tha 
inpOt^nd a test at the output of the system will show whether or not 
a particular system is functioning properly* In case of a malfunction 
the ney* ^tcp wuid be to divide the system into sections; in this 
case, '/Converter and the IF/Detector sections* Once you make 

0 test ^ : output of one of these sections and find that the 
conversJ )rocess is not functioning properly, you can logically 
eliminate une half of the circuitry* When the faulty section is 
isolated, we can half-split again, and again, untiKwe isolate 
the faulty staged We can then iyou guessed it) half split agatn* This 
will isolate the malfunction down to a circuit within the stage. Half- 
splitting again, we find the faulty component. The next step Is to 
use a multimeter to determine what is wrong with the component - is 
it opftn, shorted, or i s a ground refnoved? 

In Job Sheet EJghteen-J! you will be required to troubleshoot a pre- 
fauited set or IF/Detectoi and RF/Converter printed circuit cards. There 
will be only one trouble per set of cards. Effective use of the ICO 
concept and the half-splitting method will greatly enhaDce your abil- 
ities to troubleshoot* 

IF YOU FEEL YOU Ci^N SUCCESSFULLY TROUBLESHOOT, YOU MAY PROCEED DIRECTLY 
TO EXPERIMENT EXP* EIGHTEEN-II IN THIS BOOKLET* IF YOU DESIRE ADDITIONAL 
INFORMATION ON TECHNIQUES AND/OR A MORE DETAILED EXPLANATION, GO TD 
NARRATIVE EIGHTEEN-I I . 
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EXPERIMEfiT^ ■ 
LESSOH II 

iTroubl esboot iog an IF and Amplifier 
UsTng ICO Concepts 

Xo ul i J iic. the concept of logjcaT troubleshooting^ we wi 1 1 fol low a flow 
diagram. You. miist real ize *that -flow^ d lagr^ms ^are only an aid to trouble- 
shooting. The flow diagram can be extremely helpfij^l in localizing the 
faulty component f but do not become dependent on it; Each time you make 
a test, follow the result on the flow diagram (Figure 5"3) and thei^B25 
'Schematic, (Figure _$-7)"rboth in the 6B25 Technical Manual- 

EQUIPMENT .REQUIRED: 

I . Oscil loscope 

■ 2. Signal Generator 

3-.' Mu 1 1 imeter 

A. 6B25 Tralning -Oevice and Technical Manual 
^. Prefaulted Card Set (obtain from your Learning Supervisor) 
PRQCEOURE: 

1. Using-all safety precautions applicable: 

' ■ ^ ■ f . 

a. Set up and energize the Signal Generator for an output of A 
millivolts at I.O llHz, modulated with 1000 Hz at 30%. 

b. Set up and en'ergi'ze the Oscillocope to obtain a line trace. 

2. a. Connect one end-of a 6NC-BNC connector cable to the XIK RF 

X-MULT output jack of the Signal Generator and the other, end^ 
to the c/i<}nnel A input of the Oscilloscope. Oratv the observed 
waveform, and recoVd the voltage. 

b. Connect the Signal Generator to the 6B25 input as you did sn , 
Module Eighteen, Lesson I- (Connect, the R.f. X-MULT o^ the 
^Signal Generator to the 6B25 input. Also connect a IX probe 
to Channel A input on thfe oscilloscope.) Tune the radio to 
t the frequency provided by the Signal Generator. 
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3. Measure and record the voltage at TP 12. Is this a normal 
reading? Volts 

If YES, go to step 

I f NO, go to step 5- 



^* Measure and record the voltage at TPI7. Is this a normal 
reading? Volts 



If YES, see your Laboratory Supervisor 
If NO, go to" step 9 



5» Measure and record the voltage at TPIO* Remember to place S2 

in the TEST position* Is this ^ normal reading? Volts 

If YES, go to step 6 

If NO^ go to ;5tep 7 



.6* Measure and record the voltage at TPIK Is this a normal 
read ing? ^ Vol ts 



If YES, name the suspected component 
If NOf name the suspected component 



WHEN VOU HAVi lOENTIFiEO A PROBABLE FAULTY COMPONENT GO TO STEP 13 

7, Measure and record the voltage at TP9, Is this a normal 
reading? Volts 

If YES, name the suspected component 

If NO, go to step U 



\mXi YOU HAVE lOENTiriEP A PRuBABLE FAULTY COMPONENT GO TO STEP 13 

8, MEASURE and record the voltage at TP8, ts this a normal 
reading? Volts 

K YES, name the suspected component 

If NO, riame the suspected component 



WHEN YOU HAVE lOENTIFlEO A PROBABLE FAULTY COMPONENT GO TO STCP 13 

9* ' Measure and record the voltage at TPI5, Is this a normal 
reading? • Volts 

* If YES, go to step 10 

If NO, g6 to step I Tv 
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10. Measure and record the voltage at TPI6, Is this a normal 
reading? Volts 



If YES, name the suspected component 
If N0> name the suspected component 



WHEN YOU HAVE IDENTIFIED A PROBABLE FAULTY COMPONENT GO TO STEP I3. 

V 

11. Measure and record the voltage at TPlA. Is this a normal 
read Ing? ^ Vol ts 

If YES, name the suspected component 

If NO^ go to step 12 



12- Measure and record the voltaye at TP13- Is this a normal 
read ing? Vol ts 



If YESj name the suspected component 
If NO t name the suspected component 



'3- Now that you have isolated the malfunction down to the com- 
ponent levels use th^ multimeter to ascertain what type of 
problem has occurred (shorted^ open> ground removed). 

The malfunction is (trouble). 



WHEN YOU HAVE FOUND THE MALFUNCTION, SECURE ALL TEST EQUIPMENT AND TAKE 
THIS EXPERIMENT TO YOUR LEARNING SUPERVISOR FOR EVALUATION. 



YOU HAVE NOW COMPLETED THIS MODULE, IF YOU FEEL THAT YOUR PROGRESS 
CHECK RESULTS INDICATE THAT YDU ARE READY TO TAKE THE END OF MODULE 
TESTS, SEE YOUR LEARNING SUPERVISOR, IF YOU FEEL YOU NEED FURTHER 
STUDY BEFORE TAKING THE END OF MODULE TESTS, YOU MAY REVIEW ANY 
PART OF THIS MODULE, 
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MODULE »tHETEE» 
BASIC TROUBLESHOOTIHG: SYSTEMS CONCEPT 
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NAVY DOCUMENTATION 



STUDY AWD PROGRESS CHECK BOOKLET 
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OVERVIEW 
MODULE NINETEEN 

Basic Troubleshooting: Systems Concept 

In this module you wil) be introduced to the concept of electronic systems 
and the method of troubleshooting these systems* To demonstrate the 
knowlet^ge and skills you learned in past modules and the new knowledge 
you will <#ain in this module, you will be required to troubleshoot 
the entire 6B25 f^adfo Receiver System using a six-step troubleshooting 
method* This nnodule also contains an explanation of the Navy's system 
of documentation (paperwrk)* You will practice filling out the various 
forms that are reqijired when you repair a casualty. For you to learn more 
easily and practice system troubleshooting, this nx)dule has been divided 
into the following lessons. 

Lesson I Introduction to the Electronic System Concept and Trouble- 

shooting Technique^ 

Les son I I Nav y Doc umen t a t i on 

Lesson III Troubleshooting a Radio Receiver System, 
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MODULE NIHETEEH 

LESSON I 

INTR(K)UCTION TO THE ELECTRONIC 
SYSTEM CONCEPT AMD TROUBLESHOOTING 
TECHN I QU^S 
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OVERVIEW 

5^ Introduction to the Electronr ic 

System Concept and Jroub^eshooting 
Techniques 

tn this lesson^ you will team about systems- and how these systems 
will affect you as a technician. In addition, you wili learn a sys- 
temattCy !o^icat t)*oub] eshoot ing approach tn its entirety. You wiTI 
learn what each step signifies and how each step relates to forming 
an effective method of locating a malfunction within a system* 



BEFORE YOU START THIS LESSON, PREVIEW 7HE LIST OF STUDY RESOURCES. 
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LIST OF STUDY RESOURCES 
L£SSOM 1 

hi troduction to the- Electronic 
System Concept and Troubleshooting 
Techniques 

To learn the material in' this lesson, you have the option of 
choosing, according to your experience and preferences, any or al; 
of the fol Jowingr: 

STUDY AND PROGRESS CHECK BOOKLET: 

Lesson Narrative 
Lessor. Summary 

REFERENCE MATERIAL: 

EIMB 



/ 



YOU J1AY NOW STUDY ANY OR ALL OF THE RioOURCES LISTED ABOVE 
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NARRATIVE 
LESSON I 

Introduction to the tjlcctronic 
Systems Concept and Troubleshooting 
Techn i que>^ **>H^ 

Suppose it's liberty call and you have a hot date* You rush out 
to your car, turn the key, and nothing happens! There you a e, trying 
to find out what's wrong - hopefully in time for your date. Do you 
check the tires, or the water level in the radiator? Ot course not! 
You only check the things that are associated with the trouble - but 
some of LTi may not know what these things are* We have to have some 
knowledge of the car's system and how all of the components fit to- 
gether to accomplish the car's function. 




Figure 1 
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VARIABLE DEPTH SONAR SYSTEM 



Figure 3., 
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Jf you know the systen* you can systematically isolate the problem 
in a runimum amount of time. This same concept applies to boing 
a technician. If you have a working knowledge of the System's 
coficept, your troubleshoot tncj abcHty will be greatly inprcved. 
Just what is a systep in electronics? Well » transceiver systems 
(see figure l)» or radar systems (see figure 2) or sonar systems 
(sec figure 3)» are three qufte cornmon systens aboard ship. Depend- 
in<j upon your rate» you will be required to learn and know your systeins^ 
\^]} enough to isolate a malfunction to the faulty stage. Often this 
can be accomplished by using the front panel indications and/or ^ 
multimeter* The six-step troubleshooting methdd will be very beneficial 
in isolating a malfunction using System iCO concepts. Let's take a 
closer look at an electronic system, the transmt t le r-rece ' ver system, 
Tw3 ships are steaming in close proximity and their captains want* to 
communicate with one another (see figure k) ^ One capta'^in uses a jnicro-- 
pifone connected to his transmitter and talks; the otner captain receives 
on his receiver and talks back using his transmitter. This cycle con- 
tinues until the communication is terminated. 
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figure k 

What would happen if Suddenly the skipper couldn't understand 
the sicjnal from the other ship? Well, '^or one thing, y^u would hear 
the Squawk box chirp "Duty ET lay to the bridge". If you just happen 
to be the duty ET» you had better know the system - especially if the 
problem lies "at your end". The cap'tain has just been interrupted 
in communicating with another ship, and you can bet this conversation 
is vitally important. So now i^ is up to youto systsmat ical ly * " 
isolate the malfunction and repair the equipment as quickly as poss** 
* ibie, ^ 

Now IS the time to put logical troubleshooting into play. 
Troubleshooting is an acquired skill that requires the following: 

^ ]98 o , 
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1. 



Sufficient background knowledge to learn how a 
specific piece of equipment works. 



2. 



Skill in reading and interpreting the information 
conta ined in the equipment techn ical manual . 



3. 



Skill in us^ng test equipment and the ability to 
correctly interpret the test results. 



Ability to follow a logical sequence when trouble- 
shooting . 



Developing the ability to follow a logical sequence when 
troubleshooting will be our main concern in this lesson. Logical 
troubleshooting is a tool used by accomplished technicians to locate 
a malfunctioning circuit/component in the quickest and most efficient 
way. It is made up of distinct steps and each step is designed to 
eliminate a number of possible crouble areas until the faulty 
component is found. If a haphazard approach is used it may be difficult 
or virtually impossible to isolate a defective part» wire» connection 
or component from hundreds or even thousands of possibilities. 

The easiest method .of learning and applying a logical sequence to 
locate malfunctions consists of these six steps: 



1. Symptom Recognition 

2. Symptom Elaboration 

3. List of Probable Faulty Functions 
^. Localize Faulty Functions 

5. Localize Faulty Circuit 

6. Faf lure Analysis 



STEP ONE: SYMPTOM RECOGNITION 

The first step in troubleshooting any problem is to determine if a 
problem really exists. If someone tells you a system is malfunctioning, 
you must determine to your own satisfaction that a problem really exists 
and that it is not just an operator error. 

Some problems are not easily recognized because they are not clearly 
understood to be a malfunction. For example: 



It has been 10,000 miles since your car was tuned-up. You niay 
realize that its pep or performance Is not exactly right, but 
the loss of power has been so gradual that you have become accus' 
tomed to poor performance. A mechanic, however, immediately recog- 
nizes this'pcrformance as poor and suggests a repair. 



Electronic syste?ns operate in the same manner. Their performance 
will get worse as components age. Low or marginal operation is not al** 
ways reported to the technician so you must check for possible trouble 
symptoms during your routine maintenance. 
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The above problem is not obvious, yet such small troubles may lead to 
serious troubles if not detected early, You may compare the performance 
of a Suspected system with other known reliable identical systems or 
determine whether or not the system's performance has changed since it 
was last used. You must question and observe, measure and compare . 

The second type of problem is obvious, the system does not do the job 
or function it is supposed to do: 

You get in your car and it will not start no matter what 
you do- 

-or- 

You turn on your stereo and nothing happens. 

You're sure something i s def in i te 1 y^ not working. This completes 
the first step - Symptom Recognition . Now you realize that more than 
one thing could cause your car not to start or your stereo to do 
nothing. This leads us to step two. 

STEP TWO: SYMPTOM ELABORATJON 

Symptom Elaboration is simply the procedure used for checking 
sources provided by the system or your background knowledge of the 
system that may explain the failure. 

With your car you may consider the following without leaving 
the drivers seat. 

1. Do the gauges, lights, etc. come on? 

2. If so, what do they read? 

3. Did the car sputter and fail to start or did it 
do absolutely nothing'? 

-or- 

With your stereo you could check the following without ever 
moving. 

1 . Does i t 1 ight upf 

2. Can you hear anything from either channel? 
3^ If yoja have any dials, what do they read? 

A. If it is a combination stereo radio-phonograph, 
does on3 work and not the other? 

The elaboration process needs refinement of symptoms. You are 
not going to check for symptoms of malfunction unless they relate to 
the problem. Now fs the time to narrow down the number of symptoms to 
help get a clearer picture of what you will have to do in your next 
step. 
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Ac tfiis point, sone new technicians have a tendency to break out 
all their tools and test equipment. This i^ a big mistake, Hental 
work at this stage can save you a lot of time in finding the problem. 
If your train of thouqht is muddled by pulling out all your repair ai<J^, 
then you may fail to recognize symptom^ and will get off track when 
looking for the problem. You have not yet determined what tools are 
needed to repair the problem. Suppose, in the car example, you brought 
out all your tools, jacks, etc, when the problen is thai your battery 
was stolen. Or in the case of the stereo, tfie plug was pulled out. 
These things happen* Navy electronic systems are complicated and many 
technicians mistakenly believe that all problems must be complicated. 

STEP THREE: LISTING THE PROBABLE FAULTY FUNCTIONS 

The term, **funct ion**, is used here to denote an operation performed by 
a specific area (or unit) of a system. Generally, each major sub- 
divi*~ion has onfi or more functions to ncrform. If you have a functional 
block diagmn, this is the time to bre<ik it out as an aid in localizing 
the faul ty funct ion. 

The car may have a functional ditigram with the following: 

1, Engine 

2, Transmission 
3- Brakes 

Electrical 
5. Cool ing 

The Stereo may have a functional diagram with t^ following: 



). 


Antenna 


2. 


RF section 


3. 


Mixer or converter 


4. 


IF section 


5- 


AF section 


6. 


Speakers 


7. 


Power supply 


0. 


Turntabi e 


9. 


Tape deck 



that we have basic functional diagr^ims of our examples, we must 
determine which function could conceivably cause our specific problem. 
Could the transmission or brakes cause the car not to start? NopeJ 
We have been able to immediately reduce the size of our search. 
If you have a flat tire, you don't wash the car, it is important that 
we immediately eJiminate as many areas as possible. If nothing v^rks 
with the stereo, we may eliminate the antenn^i and the turntable right 
away. 

Ue now have a list of possible faulty functions and must go »;o step 
four and try to localize the particular faulty function. 
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STEP FOUR: LOCALIZING THE FAULTY FUNCTION 

In this step, one of the possible or probable trouble funciions must 
be selected for testincj* Some areas might involve more c<i^e and 
speed in testing than others and they should be eliminated Mrst* 



In the case of the car: 

I * E) ectr ical system 

a» Do you have a battery? 

b» Are any wfres broken or loose? 

c» Do the I ights vvork? 

d» Does the starter turn? 

2* Fuel system 

a. Is there gas in the tank? 
b» Are any gas lines broken? 
c» Do you get gas to the carburetor? 



These things are easy to check and requtre little t\\f\e or effort^ yet 
if rgnored^ you may waste a Jot of time by bypassing the obvious. 



In tlie case of the stereo; 

K Pov^er Supply 

a* Is the plug in? 

b* I f tubes^ are they I it? 

c» Are the dial lights on? 

2» Speakers 

a» Are the speakers connected? 

b» Are there any broken speaker wires? 



As functions are eliminated, your test equipment requirements become 
mre complrnated but your method will not change* Continue from the 
iiX)st simple to the most complex* 

If you do your mental work properly^ manual work can be reduced to a 
minimum* This systematic attack on the probleri} will lead you to stop 
f ive^^^ Loca Uz tng the Faulty Circuit * 

STEP FIVE: LOCALIZING THE FAULTY CIRCUIT 

Throughout the previous steps^ you have been working to qet to this 
step* You have already eliminated a number of probable faulty functions 
and are ready to realiy investigate a particular circuit or area* 



202 




Nnrratlve 



Nineteen" I 



Technicians generally have two methods to locate the faulty circuit 
or area. Depending on the type of system, one method will work 
better than another. 

1. BRACKETING-The technician places brackets at the inputs 
he knows to be good and the outputs he knows to be bad. 
In the car, we may have gas in the tank but none in the 
carburetor. As v^e continue to test we px>ve the correct 
inputs closer and closer to the incorrect output. We 
find that if gas gets through the fuel pump, then the 
fuel pump is pumping gas, etc. 

2. HALF-SPLITTING-This technique is used by taking a faulty 
section and splitting It ir half and then checking at 
tl^t mid-point to see if oper'atJon is correct. If It is^ 
we have eliminated the front half of the circuitry; if 

it isn't we have eliminated the other half Then we 
split it in half again and again until the faulty circuit 
is identified* For example, consider our stereo; if we 
have isolated the faulty function to the Audio stage, we 
split the total number of circuits in half and check If 
the signal it is good or bad at that point, and so on. 
If we have a hose that is ten miles long and we |$now we 
are putting water in one end and getting no water out 
of the other, we check the middle (5 miles) to see 
if there is water present, etc* 

When we have found the faulty circuit or area and know what is bad, 

we have to determine why it went bad. This is step six Fai lure Analysis . 

STEP SIX: FAILURE ANALYSIS 

The techn ic ian, by fol lowing the procedure in the f i ve logical steps, 
has located the trouble to a single faulty circuit or area. Ke could 
replace the faulty component and eliminate the trouble-but what if the 
same thing happened again? We must now determine why it happened in 
tile first place and set up some method to prevent its happening in the 
futu re. 

Suppose we found that the hose leading from the fuel pui.p was clogged 
causing the car , not to start. By cleaning the hose we eliminate the 
problem, but the cau' j of the problem might not be cured. We might 
put a gas filter in the line to protect us in the future. Suppose you 
found the carburetor was broken and replaced it. It might be that U 
was worn, orgin^lly defective, improperly adjusted or a number of 
other things* If justification for component failure is not under- 
stood, you may be asking for future troubles with the same thing. 



203 



22:.i 



Narrative Nineteen-! 

Hopefully this lesson will help make your job easier. Remember, if 
you cultivate a logical sequence when troubleshooting systems, the time 
saved in repair will allow you rrore time for liberty! 



THIS COMPLETES THE NARRATIVE FOR LESSON 1, MODULE NINETEEN. 

IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU GO ON, THIS LESSON 
IS COVERED BY: 

' SUMMARY 
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SUMMARY 
LEbbON I 

Introduction — the Electronic System Concept 
and System Troubleshooting Techniques 

In the fleet you will find many types of systems. There are trans- 
ceiver systems, sonar systems^ radar systems, fire control systens^ 

controller systems, navigational systems actually the entire ship 

is one large system, made up of many smaller systems. Each system has 
a specific job to perform in order to make the ship run smoothly. If 
one of these systems fails, it will be the job of some technician to 
find the problem and fix ! . If you have been assigned to repair the 
faulty system, you vjill be that technician. 

By using a good logical troubleshooting method a casualty in the 
most complicated system can oe narrowed down quickly, and finding it 
will turn out to be no more complicated than folding a casualty in the 
6B25 receiver. 

The sTx step logical troubleshooting method i s a good, clear 1 y 
defined, step-by-step procedure that will enable you to locjicaliy and 
systenatical ly locate the faulty component. 

These six steps are: 

1 , Symptom Recoqn it ion 

In order to repair a system you must first determine whether it 
is functioning correctly or incorrectly. To completely satisfy this 
step, you must be thoroughly familiar with the operational character- 
istics of the system in question. This means you can provide valid 
answers to the questions - What is this system supposed to do?'^ and 
"How well is this job being done?" Symptom recognition, then, is 
• detecting abnormal performance. 

2, Symptom Elaboration 

As a second step, the obvious or not so obvj^ous symptom should 
be further defined. Almost all electronic systems have front panel 
operating controls, indicating instruments, or other built-in aids 
for evaluating performance. These should be utilized at this point 
to see whether they wiH affect the symptom under observation or 
provide additional data to define the symptom. This step is the "I 
need more information" step in our systematic approach. 

3, L ist ing of Probable Faulty Functions 

The third step is an "estimation'* step which makes maximum use of 
information from tvvO sources: (l) the information gathered about 
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t^"^ trouble symptom from the first two steps, and (2) your knowled9e 
of the functional units of the equipment* The probable faulty function 
is really an '^educated guesst ina tc" of the area in v/hich the trouble 
might be located to cause the indicated symptons. The term function 
IS used here to denote an electronic operation performed by a specific 
aroa of an equipnent. These functions, combined, make up an equipment 
syston and cause the systen- to perform as it was designed, V/hether or 
not you \/il) proceed from step two to step three (listing of probable 
faulty function) or on to step five (localizing trouble to the circuit) 
will depend on the number of functions in the equipment and/or the com- 
plexity of a single function. 

Loca 1 i z inq the Faul_ty FunC t ion 

The fourth step involves choosing one of the probable faulty funct'-ns 
for further examination. The function chosen to be checked first should 
be based upon your knowledge of the system, ease of making the desired 
test, and possible elimination of one or nore "educated quesses" by 
perforninq the test, 

host electronic systems can be sub-divided into units or 
areas which have a definite purpose or function. You might luck 
out and isolate the faulty function witfi your first test. If not, 
tlie information gained from the test can be applied toward decidinq 
on the next function to check or it may even lead to the detection of 
other faul ts,, 

5» Local izing the Troubl e to the C i rcui t 

Just OS it was necessary to local i^^e the trouble to a specific 
function of the overall system in the preceding step, ft will now 
be necessary to isolate or localize the trouble to a specific circuit 
or ci rc u i t 9 roup v/ 1 1 h i n the f unc t ion , 

The half-splitting method is most com(X)nIy used in this step. 
Here the signal is injected at the input, checked at the output, the 
stages are then divided and sub-divided until the malfunction is 
loca ted • 

By signal trd'''q, using 1,C*0, concepts, you can systenaL i cal 1 v 
isolate the faulty circuit, 

6, Fa i lure Anal ys i s 

The sixth and f inal step in systema tic t roubl eshoot i ng is twofold , 
It includes (l) isolation of fThe bad or improperly adjusted circuit 
or component, and (2) verification of the troubleshooting findings* 
Isolation of the defective circuit component again requires application 
of educated guesses and use of the f,C,0, concepts. 

Prior to replacement of the suspected component, you should stop 
and analyze the entire sequence of indications and measurements to verify 
that the defective components could produce the symptoms and variations 
yoi( observed throughout the procedure. This final mental verification 
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will enable you to determine whether some other component or malfunction 
could have caused the faulty component to fail, or whether the faulty 
conponent is the sole cause of the system's trouble. 

Once you have mastered this s!x-step troubleshooting method; you 
wiM be able to find the najority of problems that occur In any Navy 
system in nrnlnum time. 



THIS COMPLETES THE SUMMARY FOR LESSON \, MODULE NINETEEN. 

IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU GO ON, THIS LESSON 
IS COVERED BY: 

NARRAT I VE 
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OVERVIEW 
LESSON i I 

Navy Documentat ion 

In this lesson you will learn how to fill out the forns that wM I order 
repair parts and report the repair to the proper people- 



NOTICE 

THIS LESSON IS TO BE OEVELOPEO, GO DIRECTLY TO LESSON NfNETEEH-lll 
AHO OlSREGARO ALL OIR€CTIOtiS CONCERNING SUPPLY ANO Ml)C FORHs! IF 
YOU HAVE ANY QUESTIONS SEE YOUR LEARNING SUPERVISOR, 
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OVERVIEW 

LESSOW til . ' 

Troubleshooting A Radio Receiver System 

tn this lesson you will learn how to utilize the Six-step Trouble- 
shoot ino Procedure and Xh^ iCO concept in troubleshooting SYSTEMS * 

In its own small way, the 6825 is a \/step. Vcu can use a 
systernatic approach to isolate a malfunction, thereby usefully apply- 
ing your knowledge* 

You will receive three prefaulted printed cirpuit boards and will 
isolate each malfunc^'ion and detorriine its trouble (open, short, etc*) 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES* 
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Study Resources ^ Nineteen- 1 ! I . 

LIST OF STUDY RESOURCES 

LESSOH III ' 

Troubleshooting a Radio Receiver 

' To learri 'the naterial in this less^h you have the option of 
choasing,^ according to your experience and preferences, any or all of 
the folJowiJig, 

S;rUDY AHEr,PROr,RESS CHECK BOOKLET: 

* Lesson Narrat ive 
Lesson Summary 

* Exfjeriraent EXP* Hineteen-lll Troubleshooting a Radio Receiver system 
REFEREHCE MATERIAL: 
EIMB 



> 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. 
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NAKRATIVE 



Troubleshooting a Radio t^eceiver System 



So here you are, leanmg bacK in your chdir, listening to vour very 
own 6B25, probably feeling a Ilttlfe proud of the job you have done up 
to this point. All of a sudden, disaster strikesl Your radio 
receiver <)oes dead! What happened? What do you do? Do you panic? 
Start banging on the receiver? Look around for help? No, not you, 
you manage a weak/smile, sit' back, and think. 

Now comes tbe time to put together all of the information that 
you have learned about troubleshooting, systems, and the 6B25 Radio 
Receiver in order to recognise and repair malfunctioning electronic/ 
electrical systems* In other l^^ords, LETS FIX THIS RADIO! 

Since you are thinking systl^n^ , (mentally picture Input - Conversion- 
Output* Mow, exactly what happened? 



You no longer hear that meiudious tune. Quick, clap your hands, 
well, you know you didn't suddenly go deafl Hmmn - you have established 
step one. Symptom Recognition, no output* 

So, now what dp you do? Go running for the test equipment? 
Maybe an untrsined person would, but not y6u, you elabor^ite on the 
tro^uble by J^h^king about f;t. Look at the operating controls and 
front panel indications. Is the on-off switch in the off position? 
Is the tuning dial on the wrong frequency? Is the volume turned 
all the way down? Is the plug out of the socket? These a^e all 
conditions that could cause the no-sound condition. So now you are 
doing step two - Symptom Elaboration . 

> Yoy have to decide which functions could cause the trouble; in 
short, step three c the Lfstinc] of Probable Faulty Functions . The 
th ee major functions of the 6B25 e^e accomplishe'd by the following; 
th^ power supply which supplies power, the audio amplifier which 
a(;nplifies audio signals, and the RF section which Converts RF to AF. 
You will be able to eliminate one of these three functions by using 
the operating controls* For example, if there is* no sound or static 
coming from the speake/, and the volume control has no effect, then 
you could logicoHy conclude that the trouble could be in eitner the 
Pq)Wer Supply or^ the Audio Ampl if ier. , Jf you can hear static or hum, 
and the frequency tuning control has no effect, you can logically 
eliminate the audio anipl if ication functip^. The only probable function 
we can't readily eliminate through use of the operating controls is 
that ^accomplished by the pbwer supply. Onue you have Hsted two 
probable faulty functions, of. the three System functions, you have com- 
pleted Step three- Listing of probable faulty components . 
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T"^'^ next step, Local i,'^ i'^g the Parity Function is, in effect, 
narrowing the trouble down to a sFngle function. Now the qi'estiof" 
is " How? This is the tine to utilize the test equip'^^ent to its 
fullest advantage* If you have two possible abnormal functions, 
the power supply and one other, it is logical to check the pov^er 
Supply first, hecause in order to che^l^^the power supply, all you 
need is a nultimeteT-* Assuming thCyfSov/er supply check*; out good, 
you have localized the faulty function > How /ou nust go to step 
^\ve - Local i zing the Troubl e to the Ci rcu it > 

Thi^> is where you really get '^TrTto the gear*" You may utilize 
block diagrarv. Technical Manuals^ resistance - voltage - curreni 
measu remeht s, hal f *spl i 1 1 tng , and s rgnal t rac ing * 

All you have to do to repair the faulty circuit is to find the 
b<id component and replace it* Wrong! Step Six - Fai lure analysis " 
does reguire that you test certain branches of the circuit to 
isolate the d-^^ect down to a conponent. However, locating the 
Tiiulty component does not complete Step six* You will also be 
concerned with determining the cause of the failure* It is gufte 
possible that thi; trouble has caused another failure or vice-versa* 
You must retest the system, dynamically, to ascertain that all troubles 
have been found. Last, but never least, conplete the osso^ *d naper 
vxjrk* 

This final step - Failure Analysis -has brought you to tne end of 
the stx-step * ;*oubl eshoot ing nethod* ^You have "narrowed down" the 
trouble area , ith each successive step until the malfunctioning con- 
ponent has been isolated* You have re/iewed your procedure to en- 
sure that multiple malfunctions do not exist and to verify the cause 
of the malfunction* You have also made the necessary records of 
your actions* Athough not directly connected with troubleshooting 
proce<)ures previously outlined, vou should reorder any parts used in 
the repair of the faulty eguipnent. Proper supply support will enable 
you to return the eguipment to the *M ine" (operating status) once the 
trouble has been located* 



TnIS COMPLETES THL NARRATIVE FOR LESSON Ml, MODULE NINETEEN* 
EXPERIMENT EXP* NlNETE^N-IU IN THIS BOOKLET COVERS THE PERFORMANCE 
OBJECTIVES FOR THIS LESSON* EXPERIMENTS ARE A PART OF THE LESSON 
PROGRESS CHECKS WHICH YOU MAY TAKE AT ANY TIME* IF YOU WISH TO 
CHECK YOUR ABILITY TO MEET THESE OBJECTIVES, YOU MAY DO THE EXPERf- 
MErnS NOW* IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU 
DO SO, THIS LESSON iS CDVERED BY: 

SUMMARY 
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SUMMARY 
LESSON III 

Troubleshootinf) a Radio Receiver Systen 

In this lesson you will apply the logical Six*step Troubleshooting 
Procedure to repair a mal function ing 6625 Receiver System * You will 
receive a receiver system with a prefaulted printed circuit card^ and^ 
within a reasonable time frame» you will be required to locate the rial- 
functioning component and repair or replace it. 

If you utilize the l*C*0* concept and the six step troubleshooting 
procedure together, your efficiency will be greatly increased* 

If the receiver system produces no audio from the speaker, you 
could logically eliminate some of the functions. By the same token, 
if you have some sound but cannot receive any stations, you could 
logically eliminate some other functions* 

8y using the operating controls, you could also eliminate some of 
the functions* )n fact, the only function you can^t eliininate Is the 
power supply* Once you have found t'-e faulty function, the ner.t step 
is to localize the faulty circuit* Here the effective use of test 
equipment will aid you imntensely. 

Once the malfunction is isolated and repaired, the next st€0 is 
Fai lure Analysis * This includes a dynamic retest of the receiver (to 
ascertain that there are no other malfunctions) and completion of the 
associated paperwork. Once this is done, you can feel proud of the 
fact that you have accomplished the job for which you have been trained 
as a technician in the United States Navy. 



THIS COMPLETES THE SUMMARY FOR LESSON III, MODULE NfNETEEN* . 

EXPERIMENT EXP. NINETEEN-III IN THIS BOOKLET COVERS THE PERFORMANCE 
OBJECTIVES FOR THIS' LESSON. EXPERIMENTS ARE A PART OF THE LESSON 
PROGRESS CHECKS WHICH YOU MAY TAKE AT ANY TIME. IF YOU FEEL THAT 
YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON IS COVERED BY: 

NARRATIVE 
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EXPEtllnENT 
LESSON III 



Troubleshooting a Radio ReceWer System 



Thts Experiment !s the Progress Check for Module Nineteen, 

Go to your learning supervisor and tell him you need the materials 
for Experiment Nineteen* 1 1 L 

Go to a lab carrel and check to see if you have the following 
mater lal s: 

1. 6625 radio receiver with one casualty installed* 

2* Practice soldering board* 

3. Practice soldering component, 

6B25 technical manual, 
5* Blank MDC forms. 

If you are missing any of the above items, go get them now* 



INSTRUCTIONS; 

NOTE: If lesson II, Navy Documentation is NOT included in this module, 
disregard steps 2 and 6* 

1. Check out and troubleshoot the r^B25 radio receiver, 

2. Fill out the supply form required to order the part. 

3* Go to the soldering area and replace one of the components on the 

practicing soldering board. 
A. Take the 6B25, Jfhe Supply form, and the practice soldering board to the 

learning supervisor. If you are correct he will replace the faulty 

board with one that works^ 

5. Check the radio. If it doesn't work you have not found the problem 
and must go back and continue troubleshooting. 

6. When your radio works, fill o»'t the MDC form and return it to your 
learning supervisor for evaluation. 



YOU HAVE NOW COMPtETED THIS MODULE. THE PERFORMANCE TEST Wftt REQUIRE 
THE SAME SKILLS AS THIS EXPERIMENT. IT YOU FEEL THAT THE RESULTS OF 
THIS EXPERIMENT INDICATE THAT YOU ARE READY TO TAKE THE END OF MODULE 
PcRFORftANCE TEST, SEE VOUR LEARNING SUPERVISOR. IF YOU FEEL YOU NEED 
FURTHER STUDY BEFORE TAKING THE END Or MODULE TEST, YOU /WY REVIEW ANY 
PAUT OF THIS MODULE. 
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A.S, (EXP.) AS Fifteen-r-1 

ANSWER SHEET 
FOR 
EXPERrMENT 
LESSON I 
PART 1 

Sinipson-260 Multimeter Review 



1. a 23. b, e, f, g, h, ] 

2. b 

3. b 2k. p \ . Function Switch 

k, c r 2. Positive Test Jack 

5- c G 3. Range Switch 

6. a £ k. Common Test Jack 

7. c A 5. DC Voltage Scale 

8. a B 6. AC Voltage Scale 

9. b C 7. 2.5V AC Scale 

10. d 

11. b 

12. c 25. 1. 7.05V AC 

13. c 2. 35.2V AC 
a 3. 1 .79V AC 

15. b k, 176.5V AC 

16. d 5. 705V AC 



17. a 

la. b 

19. a 

20. a 

21. b 
2?.. a 
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ANSWER SHEET 
FOR 
EXPERIMENT 

LESSON 1 
PART 2 



Using the AN/PSH-t( Multimeter to Measure E. I. and R 



12. ER-101-16-18 VDC, ER-102-11-13 VDC, ER-103-5-5.6 VDC 

13. Eg = 16 - 18 VDC 

H. R . - 29k - 33k £J 
equ I V 

15. R = 6k - 9k £J . * 

16. fj^j - 1.6 - 1.8 na 

17. 1^ = 2 - 3 ma 

18. E. = b.5 - 7.5 VAC 

I n 

19. YES 

20. E^ = 6.5 - 7.5 VAC 

21. 1,. - 6.2 - 6.5 ma 

1 ine 

I = 3.5 - .SS ma 
Ij^ = 6 - 7 ma 
Ij^ = 2lt - 28 ija 

22. DECREASE 

23. 1, . - 1.0 - I. It ma 

1 ine 
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ANSWER SHEET 
FOR 
EXPERIMENT 
LESSON II 

Introduction to a Navy Technical Manual 
I • Sect ion I H , Operat ion 

2, Figure 6*7 

3. Section 1, General Description 
Part No, 2N27U 

5- Section VI, Maintenance (Figure 6*6) 
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ANSWER SHEET 
TO 

PROGRESS CHECK 
LESSOK It 

Dbtainin<j a Line Trace 



1 * Sensit ivi ty Cont rol 

2* Horizontal Display 

3* Sweep Time Control 

A* Sweep Occurance 

5* Trigger Source 



I Volt/cm 



X I 



I msec 



Kornnal 



INT 



222 



A.S- {practice Sheet) 



Seventeen"! I I 



ANSWER SHEET 
FOR 

PRACTICE SHEET 
LESSON in 

Peak-to-Peak Voltage Calculations 



1 . h vol ts p*p 

2. I ,2 volts p-p 

3. 100 volts p-p 
A* 3,2 volts p-p 
5. 0^.56 vol ts p-p 
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ANSWER .SHEET 
TO 

PROGRESS CHECK 
LESSON lit 

Signal Interpretation 

Jack # 1 18-20 V p-p 
Jack S 2 19-23 V p-p 
Jack # 3 0.t(-0.5 V p-p 
Jack # It 5.6-6,6 V p-p 
Jack # 5 0.13-0.16 V p-p 

DUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS HAY NOT BE EXACT; HOWEVER, 
THEY WHOULD BE WITHIN + 10^. 
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ANSWER SHEET 
TO 

A-V RESPONSE SHEET 
LESSON III 



Measuring Voltac[ti with an OscHloscope 



). 8 cm 

2. 1.5-2.0 cm 

3. 1-5-2.0 volts p-p 
k. k volts p-p 

5. 5.0-6.5 v^lts p-p 

6. 2 volts/centimeters 



DUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS MAY NOT BE EXACT. 
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ANSWER SHEET 
FOR 
EXPERIMENT 
LESSON IV 

Signal Tracing the Audio Frequency Amplifier 

2. d TP 18 = 0*008 V p-p 
g TP 2^* = 0t.5^t-SS V p-p 

3* a TP 19 « 2-3 v p-p , 
c TP 20 or TP 21 0,^-0,6 v p-p 

CI9 ^ ' 

0,008 V p-p 

Shape change? NO /' 
Amplitude change? NO " y 

Shape change? NO 

Amplitude change? NO ' x 

T3 Shape change? NO 

Amplitude change? YES Increase. 

Q5 or Q6 

TP 22 or TP 23 ^ 5'8 v p-p 

Shape change? NO 

Amplitude changeT YES increase. 

Shape change? NO 

Amplitude changeT YES decrease, 

OUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS MAY VARY, HOWEVER, THE VOLli 
RELATIONSHIPS SHOt'lO BE THE SAHE. 
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ANSWER SHEET 
FOR 

AUDIO VISUAL RESPONSE SHEET 
LESSON IV 

Signal Tracing the Audio Frequency Amplifier 
I. CRT GRID .008 Volts 















































f 
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2. CRT GRID 



1.8 Volts 



1 



(1 



f 



3. CRT GRID 



2.5 Volts 




k. CRT GRID 



5 Volts 
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5. CRT GRID 



8 Volts 




OUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS MAY NOT BE EXACT, HOWEVER, 
THE VOLTAGE RELATIONSHI PS , SHOULD BE THE SAME. 
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ANSWER SHEET 
FOR 
EXPERIMENT 
LESSON I 

Radio Frequency and Intermediate Frequency 
Amplifier Using ICO Signal Tracing 



Y 

lit 



C3 



Ql - L2 -* Q2 ^ 



R6 * 



Tl 



Q3 - T2 



-CRl 



- Rll 



^ TO 
AUDIO 
AMP. 



2. 0.06V p-p 





















































1 


1 M 1 


1 M 1 























3. 
5. 



SAME WAVEFORM AS #2 BUT WITH GREATER AMPLITUOE, 2 V p-p 

.125 y p-p ' ' 

6 V .p-p 




6. 3.5 V p-p SAME WAVEFORM AS NO, 5 

7. .02 V p-p 





















r 
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1 





8. .21' p-p SAME WAVEFORM AS NO. 7 
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9. .IV p- 




DUE TO EQUIPMENT PiFFERENCtb YOUR ANSWERS HAY NOT BE EXACT; HOWEVER, 
ThEY SHOULD BE WITHM + 10^. 
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